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(54) Title: METHODS FOR ALTERING FERTILITY 
(57) Abstract 

The present invention relates to methods for enhancing fertility by reducing the activities and/or levels of circulating glycoprotein 
hormones having lutropin (LH) activity. The molecules of the invention are antibodies or other binding agents that reduce the biological 
activities of LH. The present invention also relates to novel methods for devising and/or selecting antibodies to specific portions of proteins 
including LH and human chorionic gonadotropin (hCG) to permit their biological activities to be reduced to desired degrees. The present 
invention also relates to the preparation of single subunit gonadotropins and gonadotropin antagonists for use in stimulating and inhibiting 
fertility and for controlling ovarian hyperstimulation. In a preferred embodiment, the present invention pertains to a method for stimulating 
fertility in mammals by reducing the activity of glycoprotein hormones having luteinizing hormone activity in circulation and thereby 
stimulating the production of follicle stimulating hormone which comprises adrninistering to the mammal a therapeutically effective amount 
of a binding agent that binds luteinizing hormone. 
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METHODS FOR ALTERING FERTILITY 

10 

BACKGROUND OF THE INVENTION 

15 Field of the Invention 

The present invention relates to methods for enhancing fertility by 
reducing the activities and/or levels of circulating glycoprotein hormones having 
lutropin (LH) activity. The molecules of the invention are antibodies or other 

20 binding agents that reduce the biological activities of LH. The present invention 
also relates to novel methods for devising and/or selecting antibodies to specific 
portions of proteins including LH and human chorionic gonadotropin (hCO) to 
permit their biological activities to be reduced to desired degrees. The present 
invention further relates to novel glycoprotein hormone agonists and antagonists 

25 that reduce the activities of hormones with LH activities and/or increase the 
activities of hormones with follitropin activity. 

Description of the Background 

3 0 The disclosures referred to herein to illustrate the background of the 

invention and to provide additional detail with respect to its practice are 
incorporated herein by reference and, for convenience, are numerically referenced 
in the following text and respectively grouped in the appended bibliography. 

35 The glycoprotein hormone family (1) consists of three a,fi 

heterodimeric glycoproteins found in the anterior pituitary gland where they are 
made. The glycoprotein hormones are luteinizing hormone (also known as lutropin 
or LH), follicle stimulating hormone (follitropin or FSH), and thyroid stimulating 
hormone (also known as thyrotropin or TSH). The hormones from humans are 
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_ ™ « MH hFSH and hTSH, respectively. In tome species, a glycoprotein 
S T^rsinl to LH called chorionic gonadotropin or CO, is made 
nTJSTi released inro the circulation. In humans, mis 
hormone U^med hCO. in primates, significant quantities of all the hormones arc 
Hi!- produc* b, urine. Alter menopause, whenme secreoon o 
S2» from the anterior pUufcary is greatl, increased, stgntficant quantities 
of LH and FSH are found in the urine. Gonadotropin ^^TJZ 
mraopausal « - termed human menopausa! gonadotropms <hMG> Urdto 
K:7which interacts like LH with LH recepttrs but only weakly with FSH 
^SmO interacts with both LH and FSH receptors. The dual activtry of 
me presence of hLH, hFSH, and their metabolites in the urmary 
^ brines ft! pregnant ard menopausal women are major sources of 
gonadotropin activities and have important commercial uses. 

Gonadotropms such as FSH, LH, and. in some species, CG play a 
major role in the reproductive process (1-6), while the structurally related hormone, 
KB "important tor thyroid function (1). Both LH and FSH are essential for 
. ^2Z* repnZve fuocUou. Uck of « FSH. LH, or hCO at 
L^riate times results in infertility or termination of pregnane, Eacesstve 
ZL of Ores, hormones can result in prcmature pubeny or .rypemnnulation of 
me gonads. In the male. FSH is essential for the onset and .mrmteoance of 
spermatoger^sis (7,8). —neutralization of FSH leads to a dnnmuti onm 
^t^enesisandalossmfertilitv. In the female, FSH is essential for folhcular 
TveloprrLt leading to the production of me female gamete a, ovufction. 
Polycystic ovarian disease is a common arose of infertility in women and ts a 
JZ****^**^"^******- Feronty can usually 
be restored by adrninistration of FSH or bMG. Fertility can also often be restored 
by treatments wim antiesrrogeus, compounds that inhibit the negative feedback 
effect of estrogens on FSH secretion thereby allowing FSH levels to rise, m males, 
LH is required for puberty and, in its absence, there is a failure to ^ <mn% ^ 
sexual attributes and fertility of an adult. LH is primarily responstbte for the 
synthesis of androgens in the testis. These steroids have a beneficial mfluence on 
spermatogenesis and abnormally high levels of androgens can rr*mtam 

; ovulation and formation of rhe corpus luteum. LH also has a synergistic mfluence 
with FSH on follicle development (4) and is well-known to promote the synthesrs of 
follicular androgens. These androgens serve as precursors for FSH-strmulated 
estrogen formation. LH may also augment the effect of FSH on granulosa cells, 
particularly in the later stages of follicle maturation when the granulosa cells have 
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acquired LH receptors. hCG made by the trophoblast is important for maintenance 
of progesterone secretion from the corpus luteum during early human pregnancy. 
The clinical activities of these hormones and their uses are reviewed extensively in 
several standard textbooks including that by Yen and Jaffe (2). 

5 

The differences in the effects of FSH and LH and the complex 
endocrine interactions between the two hormones cause them to have synergistic 
actions on follicular development and estradiol synthesis (4). For example, normal 
ovarian estrogen production is due to the effect of LH on androgen formation and 

10 the influence of FSH on the conversion of androgens to estradiol. In turn, estradiol 
can suppress FSH secretion from the pituitary gland. During the normal menstrual 
cycle, FSH levels decline as the follicle enlarges and secretes increasing amounts of 
estradiol. When estradiol levels reach a sufficient amount during the follicular 
phase, they can trigger an increase in LH secretion from the pituitary gland that 

15 causes ovulation. The ratio of LH/FSH activity as well as the absolute hormone 
levels in blood are important for reproductive functions such as follicle maturation 
and ovulation of the proper number of oocytes during the menstrual and estrus 
cycles. 

20 While the secretion of both LH and FSH can be inhibited by steroid 

hormones, the secretion of FSH is usually more sensitive than that of LH to 
negative feedback regulation by estrogens. Indeed, in many species, high levels of 
estrogens can increase the secretion of LH, particularly if progesterone levels are 
low. Administration of anti-estrogens, compounds that disrupt the normal negative 

25 feedback regulation of estradiol on FSH secretion, often leads to increased FSH 
release and increased gamete production. Clinically, anti-estrogens are widely used 
to increase the probability of ovulation in women having polycystic ovarian disease. 
Unfortunately, since the negative effects of estradiol on FSH secretion are partly 
responsible for controlling the number of follicles that develop to the point of 

30 ovulation, disruption of the normal estrogen-FSH negative feedback loop can result 
in inappropriate numbers of ova being shed. A mechanism that results in increased 
FSH secretion without eliminating the negative feedback control of FSH secretion 
would have a valuable use in increasing fertility. 

35 Purified FSH is capable of stimulating follicle development in 

women, particularly when some endogenous LH is also present. The ratio of 
FSH/LH is highest at the time of the menstrual cycle when follicular development 
is initiated. However, both hormones are essential for fertility . 
Immunoneutralization of LH leads to infertility in males and females (10-12). 
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Likewise immunoneutralization of CG, a hormone which acts via LH receptors was 
shown to block fertility in primates (13-16). Antibodies to LH have not been 
shown previously to stimulate fertility. 

Monoclonal antibodies to hCG (termed hCG-mAb) have been shown 
to inhibit the binding of hCG to its receptor in vitro (17). Depending on the 
location of their epitopes, hCG-mAbs have differing abilities to inhibit binding of 
hCG to LH receptors. B105 and B110 are examples of monoclonal antibodies that 
recognize epitopes on hCG and LH that remain exposed when the hormones bind to 
LH receptors (17). Complexes of the hormones with these monoclonal antibodies 
bind to LH receptors, albeit with lower affinity than the free hormones. 
Consequently, these antibodies inhibit binding of the hormones to LH receptors. 
However, the maximal degree of inhibition observed in the presence of excess 
antibody is less than 100% and lower than that of antibodies which form complexes 
with the hormones that do not bind to LH receptors. In the presence of sufficient 
B105 or B110, the amount of hormone needed to induce a biological response is 
increased. Thus, even a massive excess of either antibody sufficient to bind 
virtually all the free hCG or LH in the assay is incapable of preventing a response 
to either hormone when the concentrations of the hormone-antibody complexes 
exceed a threshold level. 

As discussed earlier, immunoneutralization of LH was shown several 
years ago to prevent fertility. This phenomena occurs because the antisera that 
were used in these studies neutralized the biological activity of LH. However, 
when appropriate antisera or antibodies like B105 or B110 are used, the biological 
activity of LH is not eliminated. Rather it is reduced by a predetermined amount. 
When this happens, androgen synthesis is reduced. Since androgens are precursors 
of estrogens, estrogen synthesis is also reduced. The decline in estradiol has a 
larger impact on FSH secretion than on LH secretion. The secretion of FSH will 
be enhanced and this will lead to an increased ratio of FSH/LH and enhanced 
follicular development. In females, this ratio of FSH/LH will lead to increased 
follicle development. In males, this ratio of FSH/LH will lead to increased Sertoli 
cell function and increased spermatogensis. 

An approach to increasing fertility that is based on reducing LH 
levels has not been used previously. In part, this is due to the many reports that 
antibodies to LH inhibit fertility and because methods for making and selecting 
antibodies that reduce but do not neutralize LH activity were previously unknown. 
Thus, one would not expect that this approach to fertility would be successful. As 
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will be discussed later, this approach to increasing fertility has several advantages 
relative to current techniques, principly in women who make and release LH and 
FSH from their pituitary glands. Since reducing LH levels does not disrupt the 
normal endocrine feedback relationships between estradiol and FSH on pituitary 
5 function, it has a much less likely chance to induce ovarian hyperstimulation than 
existing techniques. This means that there will be less need for expensive and 
demanding patient monitoring. In addition, only one or at most a few treatments 
will be required to induce fertility. 

10 Another novel method for increasing fertility is to employ an LH 

antagonist during the follicular phase of the menstrual cycle. For several years it is 
known that the oligosaccharide chains on the glycoprotein hormones are essential 
for their abilities to elicit signal transduction (1). Glycoprotein hormones lacking 
carbohydrate residues have impaired abilities to elicit a biological response. These 

15 analogs can be used to block binding of LH to its receptors. This will reduce the 
activity of circulating LH and thereby improve fertility. Deglycosylated 
gonadotropins have been found to have short biological half-lives and were found 
not to be useful for their original intended use, namely to inhibit fertility by 
reducing luteal progesterone synthesis and causing abortion. By moving the 

20 carbohydrate residues to alternate portions of the hormone by removing 
glycosylation signals (i.e., the amino acid sequences Asparagine-X-Threonine or 
Asparagine-X-Serine, where X is any amino acid except Proline) from one site and 
by creating glycosylation signals at alternate sites of the a- and fi-subunits, it is 
possible to design analogs with reduced agonist activity that have sufficiently long 

25 half-lives to be useful. In addition, by preparing single chain gonadotropins in 
which the a- and fi-subunits are covalently linked, it is possible to increase the 
stability of the hormones in circulation. This is because the receptor binding 
activities and the plasma half-lives of the heterodimeric gonadotropins are greater 
than either of the subunits. Covalent linkage prevents the dissociation of the two 

3 0 subunits in circulation. 

While stimulation of fertility is important to restore fertility to 
infertile couples, inhibition of fertility is often desirable as a method of family 
planning. In addition, inhibition of fertility would be useful in the commercial 
35 production of livestock since it would eliminate the need for castration or it would 
prevent the development of heat in cattle held in the feedlot. Inhibition of fertility 
in other animals including dogs and cats would also be desirable as a replacement 
for spaying or castrating them. Inhibition of fertility in horses would also be 
preferable to gelding, particularly if it can be reversed. As noted above, fertility 
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can be inhibited by administration of neutralizing antibodies to LH or FSH. It can 
also be inhibited by using a vaccine to induce the formation of these antibodies. 
Due to the action of hCG in maintaining pregnancy, treatments that lead to 
diminished hCG secretion or activity would also be expected to cause infertility. In 
women, it would be more desirable to inhibit fertility by inhibiting hCG rather than 
hLH or hFSH. This is because treatments that neutralized hT if or hFSH would 
cause cessation of ovarian function and hasten the onset of problems associated with 
menopause. In cattle and other domestic animals, it would be more important to 
inhibit LH to prevent puberty or to disrupt heat. As noted earlier, appropriate 
antibodies to chorionic gonadotropin are able to inhibit fertility in primates and 
women and the development of antibodies to hCG has been recognized to be an 
important potential method of contraception for many years (18). Since hCG is 
produced by a large number of human cancers and since antibodies to hCG can 
disrupt these tumors, immunization would also have a beneficial impact on cancer 
therapy or prevention (19). 

Several attempts have been made to devise such an hCG-based 
contraceptive vaccine taking into account the differences between hCG and the 
other glycoprotein hormones (14,18). Unfortunately, development of the vaccine 
has been hampered by the structural homologies between all the glycoprotein 
hormones. The preferred immunogen must be highly antigenic yet not induce 
antibodies that crossreact with the other glycoproteins such as human FSH, LH, or 
TSH. Based on the knowledge of glycoprotein hormone activities outlined above, a 
vaccine that induced antibodies that interacted with LH, FSH, or TSH would also 
cause infertility and/or inhibition of thyroid function. Unfortunately, neutralization 
of LH or FSH would also result in cessation of normal menstrual cycles and the 
loss of estrogen production that is associated with fertility in women. Termination 
of ovarian function would be likely to result in premature development of 
osteoporosis and other problems associated with menopause. Inhibition of thyroid 
function would lead to hypothyroidism. Similarities in the structures of hCG and 
hLH have made it particularly difficult to design an appropriate immunogen that 
does not generate crossreacting antibodies. Most efforts have been devoted to 
making antibodies against the unique C-tenninus of the hCG B-subunit since this 
portion of the molecule is not found in hLH (1). However, this region is not very 
antigenic. Efforts to devise immunogens have also employed peptides obtained 
from the ft-subunit (14), conjugates of the B-subunit with other proteins (20), or 
heterodimers containing hCG B-subunits conjugates, and ovine o-subunits (18). 
Unfortunately, most of these immunogens are not very effective and a better 
immunogen is needed to make this method practical. 
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The difficulty of devising a vaccine based on hCG can be appreciated 
by an understanding of the structures of the glycoprotein hormones. All of the 
glycoprotein hormones contain a common a-subunit. While the conformation of 
5 parts of the a-subunit differ in all the hormones and can be recognized by selected 
monoclonal antibodies (21), portions of the a-subunit have the same conformation 
in each glycoprotein hormone. Thus, many antibodies to the a-subunit recognize 
LH, FSH, hCG, and TSH. Since anti-a-subunit antibodies are often capable of 
blocking the activities of Che hormones (22), an immunogen which induced a 
10 response to the a-subunit is likely to have unwanted side effects. Therefore, most 
strategies for devising a contraceptive vaccine are directed at the hormone specific 
6-subunitof hCG. 

The fl-subunit of hCG is most closely related to the fi-subunit of 

15 hLH. Many antibodies directed against the intact hCG fi-subunit will also combine 
with the LH B-subunit. While the ft-subunits of the other hormones differ 
considerably from that of hCG, some of the residues in all the 6-subunits are 
identical and there is the possibility, albeit small, that some anti-6-subunit 
antibodies will crossreact with these hormones as well. The carboxy terminal 31 

20 amino acids of the hCG fi-subunit (CTP) are unrelated to any of the residues in the 
other glycoprotein hormones. In theory, antibodies to this region cannot elicit any 
crossreaction with the other hormones. As expected, when this region is used as an 
immunogen, antibodies are developed that do not crossreact with any of the other 
glycoprotein hormones. Unfortunately, the antibodies that are produced to 

25 synthetic CTP peptides do not bind with high affinity to hCG. In part, this is due 
to the observation that this region of hCG contains four potential serine-linked 
glycosylation sites and is highly glycosylated. Furthermore, much of this region of 
hCG is not essential for interaction with LH receptors. Thus, the antibodies 
directed against the CTP of hCG bind to hCG receptor complexes and are primarily 

30 of the nonneutralizing type. Consequently, they do not inhibit hCG action similar 
to antibodies like B10I (22) that prevent hCG from binding to LH receptors. 

Efforts have also been made to devise antibodies against other 
portions of the hCG B-subunit. One region that has been investigated extensively is 
35 that found between cysteine residues 38 and 57. This portion of the protein is 
known to form a large loop and studies have shown that this loop is capable of 
stimulating steroidogenesis (23,24). Thus, one would anticipate that antibodies 
against this loop would be of the neutralizing type. Indeed, B101, an antibody 
which has been shown to recognize residues within this loop (22,25,26) is capable 
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Figure 3 is a graph illustrating the influence of antibodies and 
aniisera on the ability of hLH to induce steroidogenesis in vivo. 

5 Figure 4 shows vectors that can be used in template/exclusion 

selection strategies. 

Figure 5 shows the types of immunogens that have increased 
antigenicity for use in active immunization against LH, hCG, or FSH. 

10 

Figure 6 illustrates the coding sequence for single chain gonadotropin 
analog #1 and primers (underlined). 

Figure 7 illustrates the coding sequence for single chain gonadotropin 
15 analog #2 and primers (underlined). 

Figure 8 illustrates the coding sequence for single chain gonadotropin 
analog #3 and primers (underlined). 

20 Figure 9 illustrates the coding sequence for single chain gonadotropin 

analog 4 and primers (underlined). 

Figure 10 illustrates the coding sequence for single chain 
gonadotropin analog #5 and primers (underlined). 

25 

Figure 11 illustrates the coding sequence for single chain 
gonadotropin analog #6 and primers (underlined). 

Figure 12 illustrates the coding sequence for single chain 
3 0 gonadotropin analog #7 and primers (underlined) . 

Figure 13 illustrates the coding sequence for single chain 
gonadotropin analog #8 and primers (underlined). 

3 5 Figure 14 illustrates the coding sequence for single chain 

gonadotropin analog 9 and cassette (underlined). 

Figure 15 illustrates the coding sequence for single chain 
gonadotropin analog 10 and cassette (underlined). 
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Figure 16 illustrates the preparation of an alpha-subunit coding 
region lacking oligosaccaride signal sequences. 

Figure 17 illustrates the preparation of a beta-subunit coding region 
lacking asn-linked oligosaccaride signal sequences. 

Figure 18 illustrates the coding sequence for single chain 
gonadotropin analog #la. 



SUMMARY OF THE INVENTION 



The present invention relates to methods for enhancing fertility by 
reducing the activities and/or levels of circulating glycoprotein hormones having 
lutropin (LH) activity. The molecules of the invention are antibodies or other 
binding agents that reduce the biological activities of LH. The present invention 
also relates to novel methods for devising and/or selecting antibodies to specific 
portions of proteins including LH and human chorionic gonadotropin (hCG) to 
permit their biological activities to be reduced to desired degrees. The present 
invention also relates to the preparation of single subunit gonadotropins and 
gonadotropin antagonists for use in stimulating and inhibiting fertility and for 
controlling ovarian hyperstimulation. 

In one embodiment, the present invention pertains to a method for 
stimulating fertility in mammals by reducing the activity of glycoprotein hormones 
having luteinizing hormone activity in circulation and thereby stimulating the 
production of follicle stimulating hormone which comprises administering to the 
mammal a therapeutically effective amount of a binding agent that binds luteinizing 
hormone. 

In another embodiment, the present invention pertains to a vaccination 
method for stimulating fertility in mammals by reducing but not eliminating the 
activity of glycoprotein hormones having luteinizing hormone activity in circulation 
and thereby stimulating the production of follicle stimulating hormone which 
comprises the steps of: 

(a) providing binding agents that bind luteinizing hormone as positive 

templates; 
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(b) providing a library of luteinizing hormone B-subunit mutants obtained 
by random mutagenesis of the luteinizing hormone B-subunit; 

(c) screening thp luteinizing hormone B-subunit mutants from step (b) 
with the positive template binding agents from step (a); 

5 (d) discarding the luteinizing hormone B-subunit mutants that do not bind 

to the positive template binding agents in step (c); 

(e) determining die DNA sequence encoding the luteinizing hormone B- 
subunit mutants in step (d); 

(f) selecting the DNA sequence encoding the luteinizing B-subunit mutant 
10 that differs from luteinizing hormone but binds to luteinizing hormone binding 

agents with high affinity in step (e); 

(g) expressing the protein of the selected luteinizing hormone B-subunit 
mutant from the DNA sequence in step (f) in a prokaryotic or eukaryotic host; and 

(h) administering a therapeutically effective amount of the protein from 
15 step (g) to the mammal as an antigen to illicit an immune response thereby 

generating an antibody to luteinizing hormone to reduce but not eliminate 
luteinizing hormone activity and stimulate the production of follicle stimulating 
hormone to stimulate fertility in the mammal. 

20 In yet another embodiment, the present invention pertains to a method for 

designing a vaccine for inducing infertility in female mammals by reducing the 
activity of glycoprotein hormones having chorionic gonadotropin hormone activity 
in circulation which comprises the steps of: 

(a) providing binding agents that bind chorionic gonadotropin hormone as 
25 positive templates; 

(b) providing a library of chorionic gonadotropin hormone B-subunit 
mutants obtained by random mutagenesis of the chorionic gonadotropin hormone B- 
subunit; 

(c) screening the chorionic gonadotropin hormone B-subunit mutants from 
30 step (b) with the positive template binding agents from step (a); 

(d) discarding the chorionic gonadotropin hormone B-subunit mutants that 
do not bind to the positive template binding agents in step (c); 

(e) determining the DNA sequence encoding the chorionic gonadotropin 
hormone B-subunit mutants in step (d); 

35 (f) selecting the DNA sequence encoding the chorionic gonadotropin B- 

subunit mutant that differs from chorionic gonadotropin hormone but binds to 
chorionic gonadotropin hormone binding agents with high affinity in step (e); 



SUBSTITUTE SHEET (RULE 26) 



WO 95/22340 



-12- 



PCTAJS95/02067 



(h) expressing the protein of the selected chorionic gonadotropin hormone 
6-subunit mutant from the DNA sequence in step (g) in a prokaryotic or eukaryotic 
host; and 

(i) administering a therapeutically effective amount of the protein from 
step (h) to the mammal as an antigen to illicit an immune response thereby 
generating an antibody to chorionic gonadotropin hormone to reduce chorionic 
gonadotropin hormone activity to induce infertility in the female mammal. 

In still yet another embodiment, the present invention pertains to a 
method for designing a vaccine for suppressing fertility in male humans by reducing 
the activity of glycoprotein hormones having follicle stimulating hormone activity 
in circulation which comprises the steps of : 

(a) providing binding agents that bind follicle stimulating hormone as 
positive templates; 

(b) providing a library of follicle stimulating hormone fi-subunit mutants 
obtained by random mutagenesis of the follicle stimulating hormone fl-subunit; 

(c) screening the follicle stimulating hormone fi-subunit mutants from 
step (b) with the positive template binding agents from step (a); 

(d) discarding the follicle stimulating hormone fi-subunit mutants that do 
not bind to the positive template binding agents in step (d); 

(e) determining the DNA sequence encoding the follicle stimulating 
- hormone fi-subunit mutants in step (d); 

(0 selecting the DNA sequence encoding the follicle stimulating fi- 
subunit mutant that differs from follicle stimulating hormone but binds to follicle 
stimulating hormone binding agents with high affinity in step (e); 

(g) expressing the protein of the selected follicle stimulating hormone fi- 
subunit mutant from the DNA sequence in step (f) in a prokaryotic or eukaryotic 
host; and 

(h) administering a therapeutically effective amount of the protein from 
step (h) to the male human as an antigen to illicit an immune response thereby 
generating an antibody to follicle stimulating hormone to reduce follicle stimulating 
hormone activity and suppress fertility in the male human. 

In still yet another embodiment, the present invention pertains to a 
method for designing a vaccine for supressing fertility in nonhuman mammas by 
reducing the activity of glycoprotein hormones having luteinizing hormone activity 
in circulation which comprises the steps of: 

(a) providing binding agents that bind luteinizing hormone as positive 

templates; 
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(b) providing a library of luteinizing hormone B-subunit mutants obtained 
by random mutagenesis of the luteinizing hormone B-subunit; 

(c) screening the luteinizing hormone B-subunit mutants from step (b) 
with the positive template binding agents from step (a); 

(d) discarding the luteinizing hormone B-subunit mutants that do not bind 
to the positive template binding agents in step (c); 

(e) determining the DNA sequence encoding the luteinizing hormone fi- 
subunit mutants in step (d); 

(f) selecting the DNA sequence encoding the luteinizing B-subunit mutant 
that differs from luteinizing hormone but binds to luteinizing hormone binding 
agents with high affinity in step (e); 

(g) expressing the protein of the selected luteinizing hormone B-subunit 
mutant from the DNA sequence in step (f) in a prokaryotic or eukaryotic host; and 

(h) administering a therapeutically effective amount of the protein from 
step (g) to the mammal as an antigen to illicit an immune response thereby 
generating an antibody to luteinizing hormone to reduce luteinizing hormone 
activity and supress fertility in the nonhuman mammal . 

In a preferred embodiment, the methods for designing vaccines further 
comprise the steps of: 

(i) in step (a), further providing binding agents that bind as negative 

templates; 

(j) prior to step(c), screening the hormone B-subunit mutants from 
step (b) with the negative template binding agents from steps (i); and 

(k) in step (c), screening the hormone B-subunit mutants that do not bind 
to the negative template binding agents from step Q) with the positive template 
binding agents from step (a). 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to methods for enhancing fertility by 
reducing the activities anchor levels of circulating glycoprotein hormones having 
lutropin (LH) activity. The molecules of the invention are antibodies or other 
binding agents that reduce the biological activities of LH. The binding agents can 
be administered or produced in response to immunization. Since molecules with 
lutropin activity are essential for fertility, blocking their activities would be 
expected to decrease rather than increase fertility. However, lutropins are usually 
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found to enhance the production of steroids that can reduce the secretion of 
follitropins (FSH), hormones mat have important roles in fertility. Consequently, 
reduction in the activities of lutropins leads to an increase in the levels of 
follitropins and/or the ratios of follitropin/lutropin. When LH activity is reduced 
but not abolished, the increase in FSH activity and/or the ratio of FSH/LH leads to 
enhanced production of gametes and elevated fertility in humans and animals. The 
present invention also relates to novel methods for devising and/or selecting 
antibodies to specific portions of proteins including LH and human chorionic 
gonadotropin (hCG) to permit their biological activities to be reduced to desired 
degrees. Examples are presented herein illustrating how to devise antibodies and 
immunogens against specific portions of selected gonadotropins, including those 
antibodies and immunogens that are very similar in structure. Some of these 
antibodies and immunogens will have uses for suppressing fertility and other 
antibodies and immunogens will have uses for enhancing fertility. 

The present invention also relates to the preparation of molecules 
which can bind to LH and FSH receptors and have either fertility enhancing or 
fertility inhibiting actions depending on the time of administration. Some of these 
are molecules that will bind to LH receptors and block the action of LH. When 
these are administered in the follicular phase, they will suppress LH activity thereby 
suppressing androgen and estrogen secretion. Consequently, FSH levels will rise 
and fertility will be enhanced. When they are given after ovulation during the 
luteal phase of the menstrual cycle, they will suppress the activity of hCG and cause 
pregnancy to terminate. Other molecules bind to FSH receptors and have FSH 
activity. These are long acting analogs of FSH and when given in small amounts, 
they will stimulate follicular maturation. Because they will stimulate estrogen 
synthesis, the estrogen levels will rise and the secretion of pituitary FSH levels will 
fall. Provided these are administered in limiting amounts, they will not induce 
ovarian hyperstimulation. These will also have direct effects on stimulating fertility 
in males. In addition, the present invention relates to the preparation of molecules 
that have the ability to inhibit the actions of FSH and both FSH and LH. These 
molecules will be useful for treating women who have hyperactive ovarian tissue, 
often as the result of gonadotropin therapy. Hyperstimulation of the ovary is* 
potentially fatal and these analogs bind to FSH receptors or to both FSH and LH 
receptors to suppress further ovarian development. 

In accord with the present invention, methods are provided to 
improve fertility in humans and animals by the novel method of inhibiting the 
activity of lutropin using passive or active immunization. Previous studies have 
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shown that blocking the actions of LH will lead to inhibition of fertility. Here it is 
shown that appropriate LH antibodies can be used to restore or stimulate fertility. 
This approach should reduce the risk of hyperstimulation and permit a more normal 
regulation of fertility with less monitoring. Several methods are provided for 
5 producing and testing the antibodies or antisera needed to promote fertility. 

Other methods are available to alter the FSH/LH ratio including 
methods of administering FSH or giving antiestrogens. However, the procedure 
outlined here based on the use of anti-LH has important advantages over these other 

10 methods. The degree of maximal inhibition can be carefully determined for each 
antibody by in vitro testing. Thus, regardless of the amount of antibody 
administered, one could prevent inhibiting the activity of LH below a 
predetermined level by appropriate choice of antibody. For example, BIOS would 
reduce the effective hLH levels by a factor of approximately 4 whereas B110 will 

15 reduce the effective hLH levels by a factor of approximately 2. Reducing LH 
levels will permit FSH levels to rise. As FSH levels rise, they will cause follicular 
development and the production of estrogens. When these levels have reached the 
physiological concentrations characteristic of appropriate follicle development, they 
will negatively inhibit the secretion of more FSH. Thus, the treatment described 

20 here retains the valuable aspects of self-regulation that are missing in existing 
methods that depend on administration of FSH or anti-estrogens to stimulate 
fertility. Furthermore, unlike ovulation induction with GnRH (gonadotropin 
releasing hormone) or GnRH analogs, the method based on anti-LH does not 
require the pulsatile infusion of a hormone or hormone analog. This treatment 

25 offers the potential advantage of a single or at most a few treatments over several 
days. This will be particularly important in regulating ovulation in humans or 
animals. In humans, this method should be most appropriate for treatment of 
polycystic ovarian disease which is often characterized by inappropriately high 
levels of LH. As LH levels are reduced, FSH levels will rise and follicle 

30 development will occur. However, as follicle development occurs, the rising levels 
of estrogens will block the secretion of additional FSH. Thus, the tendency to 
promote the development of too many follicles with its dangerous potential 
consequences will be minimized. 

35 Methods are also provided here for producing a specific immunogen 

which is based on use of template and exclusion antibodies. Use of these antibodies 
will enable one to devise a specific immune response to particular domains of a 
protein. This method will have uses in inducing or inhibiting fertility as illustrated 
here. Since antibodies against hCG can inhibit tumor growth, this method should 
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also be useful to devise vaccines needed to inhibit development or progression of 
hCG-secreting tumors. The method should also have use in any system in which a 
specific immunogen is needed. 

There is nothing unique about the structure of antibodies which 
makes them useful for inducing fertility other than the fact that they bind hLH or 
other LH. Thus, one would expect that portions of antibodies which retain the 
ability to bind LH would also have similar activity. These would include Fab 
fragments, (Fab')2 fragments, single chain antibodies, or any molecule that bound 
to hLH or LH which reduced its biological activity. The Fab fragment is a portion 
of an antibody that contains the antigen binding site and is generated by papain 
digestion. The F(ab')2 fragment is a portion of an antibody that contains two 
antigen binding sites and is generated by pepsin digestion. 

Preferably, the methods for enhancing fertility are carried out during 
the follicular phase of the mammal, and more preferably during the follicular phase 
of the menstrual cycle. 

The glycoprotein hormone to be regulated in the present invention is 
a reactant in a reaction between binding counterparts. The binding counterparts are 
proteins which have a specific binding affinity for each other. One binding 
counterpart is a bindable agent which is selected from the group consisting of an 
antigen and a hapten. The preferred bindable agent is an antigen. The other 
binding counterpart is a binding agent which is selected from the group consisting 
of an antibody and a specific binding protein. The preferred binding agent is an 
antibody. 

Antigens are substances which are capable under appropriate 
conditions of inducing the formation of antibodies and of reacting specifically in 
some detectable manner with the antibodies so induced. Antigens may be soluble 
substances, such as toxins and foreign proteins, or particulate substances, such as 
bacteria or tissue cells. In general, antigens are high molecular weight substances 
such as simple and conjugated proteins and carbohydrates. 

Antibodies are immunoglobulin molecules which have a specific 
amino acid sequence which permit it to interact only with the antigen which induced 
its synthesis in lymphoid tissue or with an antigen closely related to that antigen. 
Immunoglobulins are proteins made up of two light chains and two heavy chains. 
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The binding agent may also be a specific binding protein such as an 
unattached receptor protein or a transport protein. Receptor proteins include 
proteins which remain attached to cells such as antibodies and unattached proteins 
which are released to blood serum and retain their specific binding affinity. 
5 Transport proteins are proteins that move substances in and out of cells and across 
epithelial layers in biological systems. 

The binding agents may be substances from natural sources or may 
be substances prepared by synthetic or recombinant means. In a preferred 
10 embodiment, the bindable agent is an antibody selected from the group consisting of 
recombinant proteins and synthetic peptides. 

The compounds of the present invention can be administered to 
mammals, e.g., animals or humans, in amounts effective to provide the desired 

15 activity. Since the activity of the compounds and the degree of the desired 
therapeutic effect vary, the dosage level of the compound employed will also vary. 
The actual dosage administered will also be determined by such generally 
recognized factors as the body weight of the patient and the individual 
hypersensitiveness of the particular patient. Thus, the unit dosage for a particular 

20 patient (man) can vary from as low as about OA fig per kg of body weight, which 
the practitioner may titrate to the desired effect. A preferred minimum dose for 
titration is 1/ig/kg body weight 

The present invention is further illustrated by the following examples 
25 which are not intended to limit the effective scope of the claims. All parts and 
percentages in the examples and throughout the specification and claims are by 
weight of the final composition unless otherwise specified. 

EXAMPLES 

30 

Binding agents that reduce the biological activities of luteinizing hormone and 
human chorionic gonadotropin to permit their biological activities to be 

reduced to desired degrees. 

35 Example 1 

Use of anti-LH antibodies to induce fertility 
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Because some anti-hormone antibodies inhibit the biological activity 
of the hormones either by preventing the hormone from binding to receptors or by 
increasing its metabolism, they will be useful for reducing the level of active 
hormone in circulation. Antibodies to LH are capable of increasing the ratio of 
5 biologically active FSH to LH in circulation. In part, this is because they reduce 
the activity of LH. In addition, since LH is a hormone that stimulates the synthesis 
of steroid substrates that can be converted to estrogens (4), the decline in LH 
activity will be accompanied by a decline in estrogens. The decline in estrogen 
levels will reduce the inhibition of FSH secretion and levels of FSH will rise. As a 

10 consequence, in the female, follicular development will be enhanced. In the male, 
spermatogenesis will be augmented. Not all antibodies have the ability to reduce 
LH levels in a nonneutralizing fashion. Antibodies that neutralize the actions of LH 
completely will curtail fertility unless administered in a limiting fashion (i.e., the 
total amount of antibody given is less than the total amount of circulating LH). 

15 Nonneutralizing antibodies are preferred for enhancing fertility since they can be 
given in excess of the total amount of LH. Thus, even although most LH may be 
bound to the antibodies, the LH activity is reduced but not neutralized. Because 
there is more than sufficient LH for follicle development, the partial reduction in 
LH activity does not prevent follicle development. In addition, the increased 

20 estrogens that are made as the follicle increases its development will mimic the 
normal feedback control of FSH secretion to prevent ovarian hyperstimulation. 
Administration of 10 fig - 10 mg of high affinity antibody (Le., Ka > 5 x 10^M~*) 
will be sufficient to induce fertility in women having polycystic ovarian disease. 
Identification and characterization of appropriate antibodies is illustrated in example 

25 2. . 

Example 2 

Identification and selection of the best LH antibodies 

30 

Not all antibodies that inhibit LH activity will be equally useful for 
treatment of infertility. For example, high excess concentrations of antibodies like 
B101 that bind to hCG and LH (albeit with lower affinity) can prevent the 
hormones from binding to LH receptors (22). When present in excess, antibodies 
35 that prevent binding of LH or hCG to its receptors "neutralize" the biological 
activity of the hormone. While neutralization of LH would be followed by a 
decline in androgen and estrogen levels and a rise in FSH levels, since LH is 
needed for fertility, the reduction of LH activity below the minimal level needed for 
fertility would prevent fertility as long as an excess of the antibody was present. 
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Indeed, neutralizing antibodies or antigens that elicit the production of neutralizing 
antibodies have been shown to inhibit fertility in animals (10). It would be possible 
to administer limited amounts of neutralizing antibodies to reduce LH 
concentrations to a predetermined level or to reverse the inhibitory effect of a 
neutralizing antibody by administering an anti- idiotypic antibody. However, due to 
the variations between individuals it would be difficult to determine how much 
antibody would be needed to obtain the desired effect unless nearly complete 
inhibition of LH activity were desired or unless measurements of FSH and/or 
gonadal function (e.g., determining plasma steroid levels) were performed. While 
these are feasible, the need to make these measurements reduces the attractiveness 
for using antibodies that completely neutralize LH activity to augment fertility. 
Neutralizing antibodies could also be given to prevent the action of LH temporarily 
until FSH levels had risen. Then the excess neutralizing antibody could be 
removed by administration of an anti-idiotypic antibody to neutralize anti-LH 
antibodies to restore fertility or by overcoming the effect of the antibody using LH 
or CG or by using an amount of antibody that would be sufficiently degraded to 
permit the action of the LH midcycle surge. However, this approach is more 
complex than use of nonneutralizing antibodies, illustrated below. 

The preferred antibodies inhibit the activity of LH but fail to 
completely block its action even when given at concentrations sufficient to bind all 
the LH present in circulation. These antibodies are usually capable of binding to 
the free hormone as well as to hormone-receptor complexes. They inhibit hormone 
action by lowering the affinity of the hormone for its receptor, reducing the activity 
of bound hormone, and/or increasing hormone clearance. Examples of such 
antibodies include B105 and B110. These antibodies reduce die biological activities 
of the hormones to different extents (17) and can be purchased from Columbia 
University, New York, NY or UMDNJ-Robert Wood Johnson Medical School, 
Piscataway, NJ. Other commercially available antibodies include 518B7 (available 
from Dr. Janet Roser, University of California at Davis, Davis, CA) and ZMCG7 
(available from Pierce Chemical Co., 3747 North Meridian Road, Rockford, IL). 
Because complexes of these antibodies with hCG can bind to receptors, the degree 
of inhibition is limited even in the presence of a massive antibody excess. The 
amount of inhibition can be determined from simple in vitro assays prior to their 
use in vivo. For example, a massive excess of B110 was shown to reduce the 
activity of hCG by only about half whereas a massive excess of B105 reduced the 
activity of hCG by about three-quarters. Each of these antibodies binds to hLH and 
would be expected to have the same influence on hLH activity. 
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The identification of appropriate antibodies from a panel of 
monoclonal antibodies made against hLH can be made as follows. These antibodies 
can be obtained by standard procedures (22,27-32) by immnniTing mice w j m hLH, 
hCG, or LH from other species, LH or hCG fragments, partially or fully 
deglycosylated LH or hCG, or LH or hCG analogs capable of eliciting an immune 
response to the desired species of LH. These antibodies could also be obtained by 
selection of manmade antibodies (33-36). This same strategy could be used to 
identify antibodies to LH from virtually any other species. It could also be used to 
identify antisera which have similar properties. These antisera could be made in 
response to LH or hCG analogs or they could be obtained by immunoadsorption or 
removal of undesirable antibody components. 

Antibodies having the desired inhibitory characteristics can be 
identified by measuring their abilities to inhibit the binding of LH to LH receptors. 
This type of assay can be performed by one skilled in the art of measuring receptor 
binding and the following example refers to how one would select for antibodies to 
hLH. Clearly, this would also be applicable to any species of LH for which 
antibodies were available. Since hLH binds well to rodent LH receptors, one need 
not use human LH receptors in the assay, although human LH receptors would also 
work. A simple first step is to monitor the influence of the antibody on the binding 
of radiolabeled hLH to rat ovarian luteal LH receptors. The radiolabeled hLH can 
be prepared by incubatmg 10 fig hLH with 500 >Ci of Na 125 I for 30 seconds at 
4°C in a small glass tube that has been coated with 1.5 pg Iodo-Gen (Pierce 
Chemical Co.). 125 I-hLH and unreacted 125 I are separated by gel filtration. The 
receptors can be prepared by administering 50 IU of pregnant mares serum 
gonadotropin also known as PMSG or equine CG (obtained from Sigma Chemical 
Co., St. Louis MO) to female Sprague-Dawley rats that are 23-26 days old. The 
PMSG stimulates follicle development. Approximately 56-65 hours later the 
animals are given 25 IU of hCG (also obtained from Sigma Chemical Co.) to cause 
the formation of corpora lutea. The highly luteinized ovaries are removed one 
week later and homogenized in a buffer contaimng 40 mM Tris (pH 7.4) and 5 mM 
MgCl2- A crude nuclear and membrane fraction of the homogenate is collected by 
centrifuging the homogenate at 1000 x g for 20 minutes at 4°C. This is washed 
once by resuspending it in the Tris - MgCl2 buffer and resedimenting it at 1000 x g 
for 20 minutes at 4°C. The final pellet (termed the "ovarian homogenate pellet") is 
resuspended in the Tris - MgCl 2 buffer using a volume of 2 ml per each ovary 
present at the start of homogenization. An amount of ovarian homogenate pellet 
approximately equal to 1/20 of an ovary (i.e., roughly 5 mg of material in 100 fil 
of buffer) is added to tubes that contain approximately 1-2 ng radioiodinated hLH 
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(i.e., approximately 100,000 cpm) and differing amounts of antibody (i.e., ranging 
from 1 pg to 10 /ig or more). After the tubes have incubated sufficient time to 
permit the radiolabeled LH to bind to the receptors (i.e., 30-60 min at 37 °C or 
overnight at room temperature), the receptor bound and free radiolabels are 
5 separated by diluting the reaction mixture to 2 ml with 0.9% NaCl solution, 
centrifuging the mixture, and aspirating the supernate. The amount of radiolabeled 
hLH bound to rat ovarian LH receptors is determined by analyzing the pellet in a 
gamma counter. One would expect to observe the types of inhibition shown in 
Figure 1. Some antibodies will completely inhibit the binding of radiolabeled hLH 

10 to the same extent as a massive excess of unlabeled hLH or hCG whereas others 
will not inhibit binding or may even potentiate binding when present in vast molar 
excess relative to radiolabeled hLH. Both these types of antibodies are less 
desirable than those antibodies which suppress hLH binding to an intermediate level 
(c.f., Figure 1). Thus, the most useful antibodies will inhibit the binding of the 

15 radiolabeled LH but not to the same extent as a massive excess of unlabeled LH. 
Antibodies that inhibit the binding of radiolabeled LH to the same extent as a 
massive excess of unlabeled LH will also be useful but greater care will be needed 
to be certain that the antibody will not suppress LH activity too much when used in 
vivo. If too much LH activity is neutralized in the LH surge, infertility will result. 

20 

Another useful procedure to identify antibodies having the desired 
ability to reduce LH activity is to perform an in vitro test to determine if the 
antibodies inhibit the effect of hLH on steroid biosynthesis. In this assay one can 
utilize testes from male rodents. A typical example using hLH is illustrated in 

25 Figure 2. A crude rat Ley dig cell suspension is prepared using collagenase as 
described (37) and the cells are incubated with varying amounts of LH and the 
antibodies to be tested. After approximately 2-4 hours at 37°C, the testosterone 
content in the tubes is measured by radioimmunoassay . When increasing 
concentrations of hLH are incubated with the Leydig cells, they cause enhanced 

30 production of testosterone and will give rise to a typical dose response curve in 
which hLH concentrations of 1-10 pM will be sufficient to elevate steroid 
production by approximately 50% of the maximal level (see Figure 2, curve A). 
The most useful antibodies are identified by their abilities to inhibit LH induced 
steroidogenesis. When different monoclonal antibodies are added to LH before the 

35 hormone is added to the cells, some will be found to reduce the ability of LH to 
stimulate testosterone formation. The most useful inhibitory antibodies will shift 
the dose response curve to less sensitive values (see Figure 2, curves B and C). 
While the degree of the shift will initially be dependent on the concentration of 
antibody, a massive excess of antibody (i.e., more than 100-fold greater than the 
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maximal amount of hLH used) will not prevent LH-induced testosterone formation. 
The least useful antibodies will prevent the stimulation of testosterone formation 
when the antibody is present in 100-fold molar excess (see Figure 2, curve D). 
This type of assay will detect antibodies that inhibit LH activity by reducing its 
binding to LH receptors and it will also detect antibodies that inhibit the activity of 
bound LH. Examples of useful antibodies include B105, B110, 518B7, and 
ZMCG7, noted above. These will need to be modified as described below before 
they can be used repeatedly in women. 

Once antibodies or antisera have been selected and found to satisfy 
the criteria described above and illustrated in Figures 1 and 2, they should be tested 
for their abilities to inhibit the actions of LH in vivo. Male rats are given a large 
excess of antibody (i.e., 100/ig or more). Twenty minutes later some of the rats 
are treated with vehicle alone (control) and others are given hLH or LH similar or 
equal in structure to that from the animal for which the antibody is to be used. One 
hour later, the plasma testosterone levels are measured by radioimmunoassay. A 
typical example is illustrated in Figure 3. The most useful antibodies or antisera 
will reduce the potency of hLH but will not prevent its activity even when present 
in excess of the total amount of LH given. This assay will detect antibodies that 
reduce hormone activity by inhibiting LH binding to receptors, inhibiting the 
activity of bound LH, and/or increasing LH clearance. Regardless of the cause of 
inhibition in vivo, the most useful antibodies or antisera will not prevent the activity 
of high levels of LH even when they are present in excess of circulating LH. This 
can be monitored by measuring the ability of the serum to bind radioiodinated hLH 
after administration of the antibody. A serum sample (0.01 - 1 pi) is diluted to 25 
Ml with a solution containing 0.9% NaCl, 1 mg/ml bovine serum albumin, and 0.02 
M sodium phosphate buffer (pH 7.2). To this is added 25 pi of radioiodinated LH 
(approximately 50 nCi containing approximately 1 ng). The resulting solution is 
incubated 30 minutes at 37° C. A goat antimouse immunoglobulin G (IgG) 
solution (available from Cappel, Organon Teknia Corp, West Chester, PA) 
containing 2 fig IgG in 50 pX of the NaCl-albumin solution described above is added 
and the resulting solution incubated 90 minutes at 37° C. or overnight at 4° C. To 
this solution is added 100 pi of 1% IgGsorb (obtained from The Enzyme Center, 
Inc., 36 Franklin St., Maiden, MA) reconstituted in water. This suspension is 
mixed for 30 minutes at 22° C and then diluted by addition of 3 ml of the NaCl- 
albumin solution that is ice cold. The mixture is centrifuged for 10 minutes at 2000 
x g at 4° C. The supernate is aspirated and radioactivity in the pellet is measured 
in a gamma counter. As a negative control, one uses serum from an animal that has 
not been actively or passively immunized. As a positive control, one uses 0.1-1 
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ng of the antibody that was originally injected into the animal. The radioactivity 
measured in the pellet from the negative control is subtracted from that in the 
positive control and from that in pellets of the serum samples that are being tested. 
When the resulting values for the postive control and the serum samples are 
compared, serum that contains antibody in excess of LH will be able to 
immunoprecipitate at least 1%-10% of the radioiodinated LH as the positive 
control. 

Administration of antibodies to hLH in humans will reduce the 
effective concentrations of circulating LH. The maximum amount of reduction 
depends on the location of the binding site of the antibody on LH. Reduction in LH 
activity lowers the secretion of ovarian and testes hormones and thereby reduces the 
feedback inhibition of FSH. Consequently, FSH levels rise and fertility is 
enhanced. Antibodies to hLH that crossreact with LH from other species or 
antibodies that have been selected for their abilities to bind to LH from other 
species and reduce but not abolish hormone activity will have similar effects in the 
other species. The most appropriate antibodies for use in humans will be those that 
have framework and constant regions that are similar to human immunoglobulins 
and that are themselves not antigenic or only weakly antigenic when injected into 
humans. Suitable antibodies can be prepared by "humanizing" mouse monoclonal 
antibodies (i.e., replacing the mouse framework and constant regions with similar 
sequences found in human immunoglobulins. Procedures to accomplish this are 
well-known in the art (38-40). Other methods of making suitable antibodies include 
immunization of primates such as the Cynomolgus monkey (41) followed by 
isolating and cloning of single lymphocytes (42). The immunoglobulins in these 
primates have similar framework regions as human immunoglobulins. Monoclonal 
antibodies prepared from these animals should serve as a good starting point for 
antibodies that can be used in humans. 

Example 3 

Alternative methods for obtaining and selecting desired antibodies 

Many antibodies that are capable of partial inhibition of hLH activity 
have a propensity to bind to hLH or other LH molecules that have been adsorbed to 
plastic or other surfaces. Therefore, screening for desired antibodies is often 
facilitated by monitoring the abilities of the antibodies to bind to hLH or other LH 
that is adsorbed to plastic microtiter plates or to LH that is bound to LH receptor 
complexes. Screening for antibodies that bind to hLH that is adsorbed to a plastic 
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surface can be accomplished as follows. The wells of a plastic microtiter plate are 
coated with 50 /tl of a solution containing 0 or 1 ng hLH in 0.9% NaCl - 0.02 M 
sodium phosphate buffer (pH 7.2). This enables the hLH to be adsorbed to the 
surface of the microtiter plate. After 1 hour at 37°C, the solutions are removed and 
replaced with 200 pi of 0.9% NaCl - 0.02 M sodhim phosphate buffer (pH 7.2) 
containing 200 /ig bovine serum albumin for longer than 1 hour at 37°C. This fills 
most of the nanaining adsorption sites. The albumin solution is removed and 
replaced with 50 /tl of 0.9% NaCl - 0.02 M sodium phosphate buffer (pH 7.2) 
containing 50,000 - 100,000 dpm of the test monoclonal antibody labeled with 
125 I. Labeling of the monoclonal antibody is performed using Iodo-Gen or other 
oxidizing agent (22,43) as described above for LH using 10 fig of antibody and 
500 fid of Na 125 I except that the reaction time is extended to 1-5 minutes. After 
1 hour at 37°C, the fluid is removed and the radioactivity that is attached to the 
surface of the microtiter plate is measured in a gamma counter. Antibodies that 
have a high probability of being useful for inhibiting hLH activity will be found to 
be bound to the wells coated with hLH in amounts greater than those to the wells 
not coated with hLH. This assay will also detect other types of antibodies as well 
and a further screen of the positive antibodies should be performed as outlined 
below or as in example 2. 

While binding to LH-receptor complexes does not quarantee that an 
antibody will be useful for partially neutralizing LH activity, many of the preferred 
antibodies bind to LH-receptor complexes. Thus, it is possible to initially screen 
for desirable antibodies by measuring their abilities to bind to LH-receptor 
complexes. This assay is essentially the same as the Bio-RMA that has been 
described previously (44) and can be performed in a sequential or simultaneous 
fashion. In the simultaneous Bio-RMA, 0.025pCi - 0.1/iCi of the radioiodinated 
test antibody (i.e., prepared as described above) is added to a rat ovarian 
homogenate (i.e., prepared as described above), and increasing amounts of LH 
including 0, 0.01, 0.1, 1.0, 10, 100, and 1000 ng. After 1 hour at 37°C, the 
membraneous part of the homogenate is sedimented into a pellet by centrifugation 
at 1000 x g for 10-20 minutes, the supemate is aspirated, and the radioactivity in 
pellet determined in a gamma counter. Antibodies that bind to LH receptor 
complexes will be detected by their increased ability to bind to membranes 
incubated with at least one of the LH concentrations over the assay blank (i.e., no 
LH added). In the sequential Bio-IRMA, the membranes are incubated with the LH 
first for 1 hour at 37°C, washed by centrifugation and aspiration as described above 
and then incubated with 50,000 - 100,000 dpm of radioiodniated antibody. After 
an additional 1 hour incubation at 37°C, the bound and free antibody fractions are 
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separated by centrifugation and aspiration as described above and the pellet is 
counted in a gamma counter. Most useful antibodies will bind to the LH-receptor 
complexes. However, this procedure is only a useful screening method and a more 
conclusive test of an antibody involves use of an in vitro biological assay such as 
that based on testosterone formation that is described in Example 2. 

The propensity of the most useful antibodies to bind to surfaces that 
contain LH or to complexes of LH and LH receptors can also facilitate isolation of 
lymphocytes following immunization of monkeys or mice using a panning 
procedure. In this procedure, lymphocytes are added to plastic surfaces that have 
been coated with human serum albumin or other protein that prevents nonspecific 
binding by exposing them to solutions containing 1 mg/ml of human serum albumin 
in 0.9% NaCl - 0.02M sodium phosphate buffer (pH 7.2) for longer than 1 hour at 
37°C. The lymphocytes that do not bind to these surfaces are then added to 
surfaces that are coated by exposing them to hLH and then to human serum albumin 
as above. The amount of hLH used is not critical so long as sufficient material has 
become adsorbed to the plastic. This can be achieved using 20-50/xg of hLH/ml. 
However, lesser and greater amounts will also work. The lymphocytes that attach 
to surfaces coated with LH are selected and either fused with myeloma cells to 
prepare hybridomas (30), transformed with Epstein-Barr or other virus, subjected to 
cloning in lambda phage (36), or single cells are selected for polymerase chain 
reaction cloning (42). The antibodies that are produced are subjected to screening 
as outlined in example 2. These strategies enhance the percentage of antibodies that 
will be desirable. 

Many antibodies that are capable of partial inhibition of LH can also 
be selected through a process that depends on their abilities to bind to LH that is 
bound to LH receptors. Following immunization of mice or monkeys with hLH, 
the spleen cells and other lymphocytes are isolated and layered on eukaryotic cell 
monolayers that express LH receptors. These cell monolayers can be prepared by 
transfecting cells with expression vectors capable of expressing rat (45), human 
(46), porcine (47), or other LH receptor cDNA by methods which are standard in 
the art (48,49). Lymphocytes that adhere to the monolayers are discarded. 
Lymphocytes that do not adhere to the monolayers are added to similar monolayers 
of cells expressing LH receptors containing hLH or other LH. These can be 
prepared by adding 100 ng of hLH or other LH to the monolayers overnight at 4°C 
and washing off the hormone that did not become bound. Lymphocytes that adhere 
to these cells are selected and either fused with myeloma cells to prepare 
hybridomas (30), transformed with Epstein-Barr or other virus, or subjected to 
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polymerase chain reaction cloning (42). The antibodies that are produced are 
subjected to screening as outlined in example 2. These strategies will also enhance 
the percentage of antibodies that will be desirable. Although this receptor-based 
strategy is more tedious than a strategy based on screening of lymphocytes on 
plastic surfaces coated with LH, it will yield a higher percentage of useful 
antibodies. 
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Example 4 

Use of antibody to treat polycystic ovarian syndrome 

Polycystic ovarian syndrome (PCO) is characterized by incomplete 
follicle development and an inability of a woman to ovulate normally. The ovary 
contains many small immature follicles, few if any of which progress to the point of 
ovulation in the absence of clinical intervention. These woman often have elevated 
androgens and a high ratio of LH/FSH relative to normally cycling fertile women. 
There are two major procedures for induction of ovulation in women with PCO. 
These include the administration of FSH to boost follicle development or anti- 
estrogens to facilitate the secretion of FSH from the anterior pituitary gland. While 
both treatments are capable of inducing ovulation, they have a risk of inducing 
multiple ovulations since they bypass the normal negative estrogen feedback loop 
which regulates FSH secretion. As a result, women treated with these agents are 
usually monitored carefully to prevent hyperstimulation, a potentially lethal side- 
effect of treatment. 

Administration of 10 pg - 10 mg of a nonneutralizing antibody to LH 
that causes a transient and self-limiting rise in FSH secretion will induce ovulation 
with less risk of hyperstimulation than treatment with gonadotropin. The effect is 
transient because the antibody will be metabolized or otherwise cleared from the 
circulation and its effectiveness will be lost within 1-2 weeks after administration. 
The treatment is self-limiting because the negative feedback effect of estradiol on 
FSH secretion will not be eliminated. Thus, as FSH levels rise and stimulate 
follicle development, estradiol secretion will rise and inhibit further increases in 
FSH secretion. 

Example 5 

One or two dose treatment induction of ovulation. 

There are no good methods that can be used to induce ovulation in 
women with PCO that involve only a single or double treatment. Most treatments 
for this syndrome require multiple treatments with FSH, FSH plus LH or hCG, 
hMG, anti-estrogens, GnRH, or various combinations of these agents. Some 
approaches have also employed GnRH antagonists to reduce the circulating levels of 
both LH and FSH so that ovulation could be induced by treatment with exogenous 
hormones. A single administration of a high concentration of the preferred 
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antibody of the type described here can induce ovulation. This is because the 
antibody can be given safely in massive excess and, since antibodies have long 
plasma half-lives, the antibody will continue to be effective in increasing FSH 
levels for several days. Because of the natural feedback effect of estradiol on FSH 
secretion, FSH secretion will be controlled by the estrogens made by the follicle as 
the follicle develops. By the time that the dominant follicle has been selected and 
estradiol levels have increased, much of the antibody will have been cleared from 
circulation. The antibody will not interfere with the actions of LH surge needed for 
ovulation for one or more of several reasons. First, the amount LH released is in 
excess of the amount needed for ovulation. Second, the antibody will only reduce 
the activity of LH, not neutralize it. And third, by the time of the LH surge much 
of the antibody will have been cleared from circulation. Thus, treatment with the 
antibody will be followed by follicle development and ovulation. 

Example 6 

Antigens that induce appropriate inhibitory antisera. 

Administration of appropriate antibodies illustrated in Example 1 can 
be used to augment fertility. However, since this is a "passive" immunization, it 
will require repeated administration of antibody to keep the levels of antibody high 
for more than several days or weeks. Short tenn elevation (e.g., days) is sufficient 
for inducing ovulation in women or increasing the number of ovulations in animals 
in one or a few cycles. When it is desired to partially suppress the activity of LH 
and thereby augment fertility for longer periods or several cycles, it is useful to 
induce an immune response that causes the active formation of antibodies against 
LH. To obtain the most useful antibodies, it is necessary to design an immunogen 
capable of inducing a response to a portion of the LH molecule similar to that 
recognized by B105, B110, or other antibodies that form complexes with LH that 
retain some LH activity. The most appropriate immunogens are derived from the 
LH B-subunit since this subunit is unique to LH. The or-subunit is common to LH, 
TSH, and FSH. Its conformation appears to differ slightly in the hormones (21) 
and, therefore, useful antibodies against the or-subunit can also be made. However, 
antibodies to the alpha-subunit have the potential of inhibiting the actions of all 
three hormones. If the immune response is directed against hFSH, it may not 
enhance fertility and may cause infertility. When it is desirable to actively 
immunize women against hLH to enhance fertility, care must be taken to prevent 
the induction of antibodies to hCG. Antibodies to hCG have the potential to reduce 
fertility (see below). This is usually not a problem with passive immunization 
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described above since the administered antibodies to LH are usually cleared from 
circulation prior to the time that hCG is needed for fertility. 

Antigens capable of inducing the formation of antibodies against a 
portion of LH that does not neutralize its activity (i.e., the desired immune 
response) contain a sequence derived from a portion of the LH B-subunit. Often 
this is a region of the beta-subunit that remains exposed after LH binds to LH 
receptors. To be most antigenic the immunogens should also contain sequences that 
are foreign to the person or animal to be immunized. If the entire LH B-subunit is 
used for imm u ni zation, one can get the production of antibodies that completely 
inhibit LH activity. High titers of neutralizing antibodies may result in infertility or 
have other negative consequences such as inducing premature menopause or loss of 
testis size or fiinction. The best choice of LH beta-subunit residues that should be 
included in the immunogen are those that remain exposed when the hormone binds 
to LH receptors. These include the portion of the hormone near residues 74-77, a 
region of the hormone that is recognized by antibodies that bind to hLH or hCG B- 
subunits and hLH- or hCG-receptor complexes (26,50). Regions of the B-subunit 
that should not be used for immunization include sequences near residues 89^92 and 
47-51. These are the locations of the binding sites for antibodies that neutralize 
activity. 

The design of a minimal synthetic antigen includes residues of hLH 
B-subunit exposed when LH is bound to LH receptors. Some of these include 
Pro73-Arg74-Gly75-Val76-Asp77-Pro78-Val79-Val80-Ser81. Synthetic peptides 
containing these sequences can be coupled to large carrier molecules and used for 
immunization using methods well-known in the art (14-16,51-53). The 
nonneutralizing antibodies produced will combine with hLH and inhibit its 
biological activity. 

Often the ability of small peptide antigens to elicit a high titer 
immune response is low. The following illustrates how to create an antigen which 
will be more effective in eliciting antibodies to regions of hLH that remain exposed 
when the hormone binds to LH receptors. A similar approach could be used to 
design immunogens for any protein including other vertebrate LH. The best 
immunogens are well-known to be those that differ substantially from proteins 
found in an animal yet retain the tertiary configuration of the epitope or epitopes for 
which an immune response is desired. An appropriate immunogen can be made by 
modifying the hLH B-subunit such that i) it retains the ability to bind to B105 
and/or other antibodies that partially inhibit the actions of hLH, ii) it loses the 
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ability to bind to antibodies that neutralize LH activity, and iii) it is antigenic. 
Appropriate immunogens can also be designed starting with a protein other than the 
LH beta-subunit and modifying it to acquire the ability to bind to B105 and/or other 
antibodies that partially inhibit the actions of hLH. Antibodies that partially inhibit 
the actions of hLH are termed "template" antibodies and they are used to monitor 
and/or positively select for retention of desired epitopes. Good examples of 
template antibodies are those that are found to be effective in increasing fertility as 
outlined in example 2. Other antibodies which are termed "exclusion" antibodies 
are used to select against antigen analogs containing undesirable epitopes. 
Examples of "exclusion" antibodies are those which completely neutralize the 
biological activity of hLH and/or which prevent it from binding to its receptor. 

There are two overall different strategies which will be termed "A" 
and "B M for building the antigens using a positive/negative selection strategy based 
on template and exclusion antibodies. In approach "A", one starts with the LH fi- 
subunit and uses random mutagenesis to make substitutions in regions of the 
molecule outside the epitope recognized by the "template" antibody. The new 
molecules that are produced are expressed (see below) and their abilities to bind the 
template antibody are monitored. Those that continue to bind to the template 
antibody and have mutations in the other regions of the molecule are utilized in a 
second round of mutagenesis on a different portion of the molecule. This process is 
continued until all regions of the protein except the one involved in the antibody 
binding site (e.g., B105) have been modified. The final analogs will bind to 
template antibodies but not to exclusion antibodies. In a variant of this procedure, 
one begins with a hormone chimera that binds to the template antibody. Such 
chimeras can be prepared starting with a different species of LH known not to bind 
template antibodies or to induce a neutralizing immune response to hLH. Examples 
of this type of immunogen are chimeras of the 6-subunits of human LH and bovine 
LH. These include bovine LH B-subunit that has been modified by substituting 
proline 74 with arginine, the residue found in the human LH B-subunit at this 
position. Residues of hLH are substituted for homologous regions of the different 
species of LH to create the binding site for the template antibodies. The 
homologous regions are identified by aligning the sequences of hLH and the other 
LH by the positions of their highly conserved cysteine residues as shown by Pierce 
and Parsons (1). 

In approach "B" one uses a framework molecule that is not related or 
only weakly similar to the structure of glycoprotein hormone B-subunits. This can 
include any protein containing loop structures such as those found in the 
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immunoglobulin folds or between the helices in four helix bundle proteins. The 
sequence of hLH between residues 65-85 is substituted for one of the loops by 
standard mutagenesis procedures. When this protein is made in a suitable E. coli 
expression vector (e.g., one of the T7 vectors obtainable from Novagen), it can be 
tested for its ability to bind to monoclonal antibodies that bind to hLH-receptor 
complexes. Since only a portion of the residues which form the epitope will be 
present in the expressed protein, its affinity will be lower than that of hLH for the 
antibody. 

To improve the selectivity and affinity of the proteins made in 
approaches "A" or n B," one can use either a bacterial or bacteriophage expression 
system (34,36,55-58). In either case one prepares libraries of mutant analogs and 
selects the mutant having the highest affinity for B105, B110, or other similar 
template antibody that is found to be useful in example 2. In addition, one can also 
use negative selection using neutralizing antibodies or antisera found not be useful 
in example 2. This will minimize the ability of the antigen to elicit undesirable 
antibodies when used in a vaccine. 

The following description applies to a selection method based on 
phage display but could be readily adapted by one skilled in the art of making and 
screening libraries to nearly any expression system. One system which is amenable 
to selection is that based on protein blotting (59). Several different phage display 
systems can also be used. One involves using a vector (i.e., pX-M13gm) similar 
to phGH-M13gm (34). When approach "A" discussed earlier is used, this new 
vector termed pA-M13gin contains either hLH 6-subunit or an hLH-LH fl-subunit 
chimera in place of the growth hormone coding sequences of phGH-M13gin 
(Figure 4). When approach "B" discussed earlier is used, the growth hormone 
coding sequences of phGH-M13gm are replaced with a gene encoding a molecule 
unrelated to hLH B-subunit except for the inclusion of the hLH beta subunit coding 
sequences near residue 74 to give a new vector termed pB-M13gm. The coding 
sequence of the region of the vector encoding the "B" sequences also contains 
restriction sites that permit cassette or other types of mutagenesis to permit 
introduction of random sequences. When random sequences are introduced into the 
coding regions of pA-M13gm or pB-M13gm vectors and the vectors used to 
transform E. coli, a library of mutants will be created. These mutant proteins can 
be expressed on the surface of M13 phagemid particles as gene HI fusion proteins 
by adding the helper phage M13K07 to the E. coli. These phagemid particles will 
bind to the antibody in proportion to the affinities of the modified proteins *A" or 
"B" for the antibody. One convenient method to select for phagemid particles that 
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bind to template antibodies is to use a solid phase assay protocol. In this assay, the 
template antibody is used to coat a surface as described (22) and then a solution 
containing the phagemid particles is added. Phagemid particles that do not bind to 
the surface can be discarded. Those particles that do bind to the antibody on the 
surface can be removed from the antibody by the addition of low pH buffers (i.e., 
pH3) and used to retransform E.coli. When a negative selection is desired, one can 
substitute the exclusion antibodies for the template antibodies on the surface. In 
this case the particles that attach to the surface are discarded. This process is 
repeated several times and then the coding regions of several genes for the "A" and 
"B n proteins are subjected to DNA sequencing. In this way one can identify 
sequences that are critical for template antibody binding. In addition, if exclusion 
antibodies are used, one can select against undesirable epitopes. Also, one can 
identify substitutions in other portions of the molecule that have little or no effect 
on the conformation of the desired antibody binding region. When molecules 
encoded by these sequences are used to immunize animals or humans, they will 
elicit the formation of antibodies that crossreact with hLH. Since these antibodies 
will recognize a portion of the molecule known to be exposed after hLH binds to its 
receptors, they will be able to inhibit the actions of hLH but not completely prevent 
its biological activity. 

In some cases template antibodies and exclusion antibodies may not 
be available. In these cases one can create template antisera and exclusion antisera 
which can be substituted for the antibodies using the following strategy. Rat 
ovarian corpora lutea are prepared by treatment of female rats with PMSG and hCG 
as described earlier. These corpora lutea are incubated with hLH to permit the 
hormone to bind to the LH receptors in the membranes. Then the membranes are 
washed to remove the free hLH and the membranes are incubated with the antisera. 
Antibodies which become bound to the hLH which is bound to the membrane LH 
receptors are then separated from the remainder of the antisera by washing the 
membranes. These antibodies are released by treatment of the membranes at a pH 
below 5. This treatment releases both the antibodies and the hLH from the 
receptors. The antibodies are separated from hLH by gel filtration or other method 
and then can be used as templates. Antibodies remaining in the serum depleted of 
template antibodies can serve as exclusion antibodies. 
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Example 7 

Development of an immunogen to elicit neutralizing antibodies to hCG. 

The preferred immunogens for preventing fertility will elicit the 
production of antibodies against hCG but not hLH. These can be made using the 
template/exclusion procedure described in example 6 employing different 
antibodies. Template antibodies that can be used include B107 and B109 available 
from Columbia University. These antibodies bind hCG with high affinity and have 
very low affinity for the free hCG fi-subunit or for hLH. Because they are specific 
for the heterodimer form of hCG (i.e., the biologically active form of the 
molecule), because they do not bind to most other inactive forms of hCG in the 
circulation, and because they are neutralizing, immunogens that can be recognized 
by these antibodies with high affinity (i.e., Ka > 5 x K^M" 1 ) will elicit the 
formation of neutralizing antibodies to hCG. Portions of the fi-subunit that should 
be preferentially retained in this immunogen include residues 43-53 and 91-92. In 
addition, other useful template antibodies are HCZ107 and HCOS14 available from 
Hybritech, San Diego, CA. These antibodies bind to both hCG and its free fi- 
subunit with high affinity and neutralize the activity of the hormone. Both have 
low affinity for hLH. Residues critical for the interaction of HCZ107 with hCG 
include those near 114 and residues critical for the interaction of HC0514 with 
hCG include those near 77. 

Example 8 

Enhancement of immunological activity. 

During active immunization against LH or chorionic gonadotropin 
one is creating a site-directed autoimmune response. Thus, it is essential to use 
proteins that are highly antigenic. This can be facilitated by using the 
template/exclusion approach described in example 6 to make the immunogen as 
foreign as possible. In addition, it is desirable to make the molecule multivalent to 
increase the chances that it will interact with the immune system. One good 
method to make the molecule multivalent is to add residues to either the C-tenninus 
or the N-tenninus that will cause the formation of an a-helix that can form a coiled- 
coil with other molecules. The rules for designing peptide sequences that form 
coiled coils are well-known in the art (60,61). In addition, it is also possible to use 
naturally occuring sequences from proteins known to form coiled-coils such as 
those found in the hemagglutinin protein of influenza virus, laminin, GCN4, or any 
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of several other proteins. It is also possible to add residues to the C-terminus or the 
N-tenninus that will result in the formation of a triple helix similar to that found in 
collagen. These triple helices will enable three or more molecules of antigen to 
combine. Other strategies for increasing the antigenicity of the immunogen can 
also be employed including coupling the immunogens end-to-end to make a 
polyprotein. As outlined (Figure 5) it is possible to design a protein having any 
number of repeating units using this strategy. 

The preferred antibodies that give a non-neutralizing inhibition of LH 
activity usually interact with the free fi-subunit and the heterodimer well. Thus, in 
preparing immunogens to elicit the formation of these antibodies it is usually 
convenient to start with the free B-subunit. In contrast, many preferred antibodies 
that give a neutralizing inhibition of hCG activity bind the a, fl-heterodimer better 
than the free hCG B-subunit. To elicit the formation of these antibodies, it is often 
useful to start with an immunogen that is a fusion protein prepared by coupling the 
C-terminus of the peptide comprised of the hCG B-subunit residues 1-114 to the N- 
terminus of a flexible protein linker composed of six repeating units of glycine and 
serine. The C-terminus of this fusion protein is then coupled to the N-terminus of 
the bovine a-subunit residues 1-96. This provides a single polypeptide that has the 
overall conformation of the fi-subunit residues found in hCG and which can be used 
for immunization directly or which can be used as the starting compound in 
example 6. Administration of the antigen can be performed in any fashion that is 
well-known in the art. This includes injection, injection in adjuvants, and coupling 
the antigen to a virus. 

Example 9 

Reversal of the effect of hCG. 

Vaccination of women with hCG to induce infertility has several 
desirable properties including 1) the antibodies will function only if fertilization has 
occurred, 2) the treatment will be long-term (i.e., occur for many menstrual 
cycles), and 3) the women will not need to take pills or have implants. In addition, 
the vaccination will be reversible using progestins that are known to prevent 
rejection of the fetus by the uterus. These include many progestational compounds 
such as dydrogesterone (62). This compound is commercially available from 
Solvay Pharmaceuticals, 901 Sawyer Road, Marietta, Georgia, and has the desired 
property of not crossreacting with progesterone in immunoassays. Thus, treatment 
with dydrogesterone does not prevent accurate measurement of progesterone levels. 
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Women who are actively immunized against hCG will continue to have normal 
menstrual cycles and should ovulate at the expected time during the midpoints of 
their menstrual cycle. In the procedure for inducing fertility, it is desirable to know 
when ovulation has occurred. However, it can also be assumed that it has occurred 
5 by day 18 of the menstrual cycle. At ovulation, progesterone is produced by the 
corpus luteum under the influence of LH. The progesterone causes the increase in 
the basal body temperature that is associated with ovulation and is a known method 
of monitoring ovulation. Another method for monitoring the LH surge is to 
measure LH in urine using one of die over the counter ovulation detection kits. 

10 After day 20 the woman desiring to become pregnant begins taking dydrogesterone 
(3-6mg three times a day) and 0.625-1.25 mg Premarin (Ayerst Limited, New 
York, NY). This is sufficient to mimic the secretion of luteal progesterone that 
would be caused by hCG if it were not neutralized as the result of vaccination. 
Dydrogesterone treatment is continued to prevent menses for 6 weeks. At that time 

15 dydrogesterone therapy is terminated. If serum progesterone levels are low, 
pregnancy has not occurred, menses will ensue, and another attempt at pregnancy 
can be made. If serum progesterone levels are high, progesterone levels will be 
high due to pregnancy and placental production of progesterone. Termination of 
dydrogesterone will not halt the pregnancy. The serum level of progesterone can 

2 0 also be monitored using standard radioimmunoassay techniques. 

Example 10 

Suppression of Male Fertility by Vaccination with FSH 

25 

Immunoneutralization of FSH has been shown to block fertility in 
monkeys and would be expected to block fertility in men (8). It has been extremely 
difficult to develop a highly-specific hFSH vaccine capable of eliciting high titer 
neutralizing antibodies to FSH for use in any species due to the highly conserved 

30 nature of the FSH fi-subunit. Methods that have been described for development of 
antibodies to hCG can also be applied for development of antibodies to hFSH. 
Thus, one starts with molecules in which hFSH fi-subunit residues 1-111 are 
substituted for hCG fi-subunit residues 1-114 or 1-117. As a template antibody one 
can use FSG761 (Hybritech). Since neutralizing antibodies are desired, a preferred 

35 starting molecule will also contain the bovine a-subunit polypeptide coupled to die 
hFSH fi-subunit polypeptide through a glycine-serine linker. The use of this 
vaccine in men will prevent fertility. 
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Example 11 

Details Of The Test Approach Of The Present Invention For hCG 

1. One obtains neutralizing antibodies either by making monoclonals 
or by purchasing them. One can also obtain neutralizing antisera by immunizing 
rabbits or other animals against hCG. It will also be useful to obtain antibodies or 
antisera against hLH. 

2. These antibodies or antisera are used as positive and negative 
templates to screen libraries of hCG fi-subunit mutants. These libraries can be 
made by random mutagenesis of the hCG ft-subunit in particular regions of the 
molecule. Note that it is preferable to use an hCG fi-subunit that is missing the C- 
terminus or that has a different sequence for this part of the molecule to avoid 
selecting for immunogens that are non-neutralizing. One convenient procedure 
involves the use of phage display techniques also listed below. However phage 
display is not essential for the technique to work. 

3. The mutants are permitted to bind to the negative selection 
antibodies first. In the present example, namely development of an hCG vaccine, 
this would involve binding to the antibodies to LH or the antisera to LH to remove 
mutants that are structurally identical to LH. 

4. The mutants that did not bind to the negative selection antibodies 
are then permitted to bind to the positive selection antibodies, namely those that 
were made by hCG immunization. During the positive selection process, free hCG 
fi-subunit is also added to eliminate antibodies that bind the free subunit and to limit 
the selection process for those antibodies that are dimer specific. The mutants that 
do not bind to the positive selection antibodies are discarded. In the case of phage 
expressed proteins, the phage are eluted from the positive selection antibodies and 
used to infect E. coli. 

5. This process is repeated for several rounds to eliminate potential 
immunogens that are capable of binding to the hLH antibodies and to further 
exclude those that have low affinity for hCG antibodies. The DNA sequences 
encoding the immunogens are sequenced. Immunogens that differ the most from 
hCG yet retain the ability to bind to hCG specific antibodies or antisera with high 
affinity are used further. 
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6. If needed, a second round of mutagenesis is performed to 
increase the number of differences between the potential immunogen and hCG. 
The goal is to devise an immunogen that differs from hLH and as much as possible 
from hCG yet retains the key aspects of hCG structure that enable it to elicit high 

5 titer neutralizing antibodies. These include the regions of the fl-subunit other than 
the C-terminus that differ most from hLH B-subunit. 

7. Once the major unique antigenic determinants have been selected, 
the immunogen is made multivalent. There are several methods for accomplishing 

10 this. One is to fuse the determinant to a protein that itself is multivalent or that 
forms multimers (e.g., immunoglobulins). Another is to fuse residues to the 
protein that form coiled-coils and that will promote association. Where possible 
these are from natural proteins that are known to elicit an immune response (e.g., 
flu). 

15 

8. A. It is essential to get titers high against the intact hCG molecule 
if it is desired to prevent fertility. This may require combining hCG with a 
molecule that is similar to an a-subunit. The a-subunit of other mammaliap 
glycoproteins is suitable as a starting material. 

20 

8.8. A molecule that is also a suitable starting point is one that has 
the desirable properties of being a single polypeptide and that retains the structure 
of the heterodimer. In this case, it is desirable to also make mutations in the 
portion of the molecule derived from the a-subunit. 

25 

8.C. The immunogens can be produced using any convenient method 
such as expression in E. coli J yeast, or mammalian cells. It is not required that the 
immunogens be glycosylated. The immunogens can also be DNA or RNA. They 
can also be integrated into the coats of viruses. 

30 

8.D. It is also not required to start with the hCG B-subunit. One can 
start with any protein. The key is to use the template strategy to select the proteins 
that one wants. For example, one can start with a four helix bundle and 
incorporate the amino acid sequences from portions of the hCG fl-subunit that are 
35 near residues 38-57 and 91-92. One can also start with an immunoglobulin, 
including one that is an antiidiptypic monoclonal antibody to an hCG-specific 
antibody. 
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Figure 1 is a graph illustrating the influence of antibodies and 
antisera on the binding of radiolabeled hLH to LH receptors. Figure 1 illustrates 
the influence of three different types of antibodies or antisera on the binding of hLH 
to LH receptors. Antibody "A" has little or no effect on the binding of the 
hormone to receptors. Its main potential inhibitory influence in vivo would be on 
the metabolism of the hormone. Antibody "B" has the ability to partially block the 
binding of hLH to LH receptors. Thus, although the antibody would be inhibitory 
in vivo, even a very large excess of this antibody relative to LH would be unable to 
reduce its activity below 40% as shown here. Note that different antibodies can be 
produced that have different abilities to block the activities of LH (e.g., B105 and 
B110), Antibody "B" is an example of the general type of antibody that is most 
useful in vivo. Antibody "C" is a neutralizing antibody since at high concentrations 
it can prevent the activity of hLH. Due to its potential to prevent LH activity, an 
excess of this antibody would inhibit fertility. 

Figure 2 is a graph illustrating the influence of antibodies and 
antisera on the ability of hLH to induce steroidogenesis in vitro. Figure 2 illustrates 
the effects of three antibodies on the ability of LH to induce testosterone synthesis 
(i.e., steroidogenesis) from rat testes Leydig cell suspensions. Curve "A" 
illustrates the ability of hLH to induce steroidogenesis in the absence of antibodies. 
Curve rt B tt illustrates the ability of hLH to induce steroidogenesis in the presence of 
a massive excess of antibody that can reduce hLH activity by approximately 3-fold. 
Curve "C w illustrates the ability of hLH to induce steroidogenesis in the presence of 
a massive excess of antibody that can reduce hLH activity by approximately 20- 
fold. Curve "D" illustrates the ability of hLH to induce steroidogenesis in the 
presence of a massive excess of antibody that can neutralize hLH activity. The 
decision to use antibody n B M and/or "C n in vivo will depend on the ratio of 
LH/FSH and the extent that one desires to suppress LH activity. When hLH levels 
are high and need to be reduced the most, antibody *C" would be preferred. When 
hLH/hFSH ratios are only slightly elevated, antibody "B n would be preferred. Use 
of antibody "D" at very high doses would result in infertility. It is anticipated that 
many useful antibodies will be found having the ability to reduce the activity of 
hLH or other LH on ovarian cells as well as testes cells. 

Figure 3 is a graph illustrating the influence of antibodies and 
antisera on the ability of hLH to induce steroidogenesis in vivo. Figure 3 illustrates 
the effects of three different antibodies on testosterone formation in males when 
massive amounts of the antibodies are administered i.v. prior to different amounts 
of hLH also given i.v. In all the examples illustrated, the quantity of antibody 
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administered greatly exceeds that of hLH on a molar basis. Similar effects would 
be expected for the antibodies on steroidogenesis in females. Curve "A" shows the 
effect of hLH on steroidogenesis in the absence of antibody. Curve "B" illustrates 
the effect of a massive amount of antibody which can inhibit the activity of hLH by 
5 40% at most. Curve "C" illustrates the influence of a massive amount of antibody 
which can inhibit the activity of hLH by 95% at most. Curve "D" illustrates the 
effects of a massive amount of a neutralizing antibody. 

Figure 4 shows vectors that can be used in template/exclusion 

10 selection strategies. These vectors are similar in design as that described by Bass et 
al. (34) and are made by replacing the coding sequences for human growth 
hormone with those of the a-subunits of hLH or an hLH chimera using polymerase 
chain reaction mutagenesis procedures that are standard in the art such as the 
SOEing procedure described by Ho, et al. (63). Similar vectors for the generation 

15 of immunogens to hCG and hFSH could be made by replacing the growth hormone 
sequence with the coding sequences of the hCG B-subunit residues 1*114, hFSH B- 
subunit residues 1-111, the coding sequences of the hCG B-subunit residues 1-114 
coupled 5' of the coding sequences for amino acids glycine-serine-glycine-serine- 
glycine-serine-glycine-serine-glycm^ coupled 5* of the coding 

20 sequences for the bovine a-subunit, or the coding sequences of the hFSH B-subunit 
residues 1-111 coupled 5' of the coding sequences for amino acids glycine-serine- 
glycine-serine-glycine-serine-glycine-serine-glyciM 5' 
of the coding sequences for the bovine a-subunit. In this Figure the "lac p" 
represents the lac promoter, stn represents the leader secquence, n hLH beta" 

25 represents the human LH beta subunit coding sequence from codon 1 to codon 114, 
"M13 gene HI" represents the coding sequence of the M13 gene protein codons 
198-410 in the same reading frame as the stn and human LH beta codons. "Amp 
resistance: is the gene from the pBR322 that encodes the B-lactamase enzyme, "322 
ori" is the origin of replication from pBR322, and "fl ori" is the origin of 

30 replication from M13. Mutations would be made in the "hLH beta" portion of this 
vector. In addition, the "hLH beta" codons could be replaced with the codons for 
the other proteins described in the text. 

Figure 5 shows the types of immunogens that have increased 
35 antigenicity for use in active immunization against LH, hCG, or FSH. Some of 
these have the heptad repeat known to form a coiled-coil (panel A). Others have a 
repeat known to form a triple helix (panel B). These give enhanced antigenicity 
because they are polymeric. Other methods of making polymeric immunogens 
include preparing fusion proteins with either the C-terminus (panel Q or the N- 
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terminus of immunoglobulins (panel D). A single chain immunogen comprised of a 
fusion protein of the bovine a-subunit and the fl-subunits of hCG and hFSH would 
have enhanced antigenicity in humans. 

Illustration A: The codons for two or more heptad repeats are 
inserted in frame between codon 114 and the termination codon of the LH or analog 
B-subunit. Design of the heptad repeat is similar to that described in reference 60. 
Each repeat contains 7 amino acids labeld in order "A, B, C, D, E, F, G n that have 
the following properties. Amino acids a and d are hydrophobic and are leucine, 
isoleucine, or valine. Amino acids E and G are charged amino acids. Amino acid 
E should have the opposite charge as amino acid G to form homodimers. Thus if E 
is a glutamate, then G should be a lysine. Amino acids "B,C,F" can be nearly any 
type that favors helix formation. Thus, they should contain few if any prolines or 
glycines. 

Illustration B: The codons for 6 or more triplet amino acid repeats 
are inserted in frame between codon 114 and the termination codon of the 6-unit. 
These triplets encode amino acids glycine, X, Y wherer X and Y are any amino 
acid known to be part of the collagen sequence that forms a triple helix. 

Illustration C: The codons for the IgG heavy chain are inserted 
immediately 5 'of codon 1 of the B-subunit. When these genes are co-expressed 
with lamda or kappa IgG light chain, they will cause the production of an IgG 
containing two B-subunits at its C-terminus. 

Illustration D: The codons for the IgG heavy chain region lacking 
the variable and first constant region are inserted in frame between codon 114 and 
the termination codon of the B-subunit. 

Illustration E: Codons for a glycine-serine repeat sequence (i.e., GS 
repeat) such as the sequence serine-glycine-serine-glycine-serine- 
glycine-serine-glycine-serine-glycine-serine-glycine are inserted in frame between 
codon 114 and the termination codon of a B-subunit analog. The last codon of this 
analog becomes 126. Next, codons 1-96 for the bovine or other a-subunit or 
codons 1-92 of the human a-subunit are inserted in frame between codons 126 and 
the termination codon of the B-subunit construct containing the poly-glycine-serine 
tail. This forms a single subunit gonadotropin that conveys the structure of the 
glycoprotein hormone heterodimer. 
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Illustration F: Codons for the human, bovine, other vertebrate a- 
subunit, or analog sequence are added between the last codon and the termination 
codon of a gene coding for a heptad repeat containing only positively charged 
amino acids at positions E and G in the heptade repeat (i.e., Heptad repeat #1) 
5 using methods known to any expert skilled in standard recombinant DNA 
techniques for preparing and expressing genes. When this gene is expressed in 
bacterial, or yeast, or other eukaryotic cells or organisms it will produce a protein 
having the positively charged heptad repeat at its amino terminus and an a-subunit 
or a-subunit analog at its carboxy terminus. Codons for a heptad repeat encoding 
10 negatively charged amino acids at positions E and G (i.e., Heptad repeat #2) are 
added between the last codon and the termination codon for a 6-subunit analog. 
When this gene is expressed in bacteria or yeast or other eukaryotic cells or 
organisms, it will produce a protein having a fi-subunit or analog at its amino 
terminus and the negatively charged heptad repeat at its carboxy terminus. 

15 

Illustration G: This shows the heterodimer that is formed when the 
proteins having the form described in illustration F are mixed. The sequences of 
heptad repeat #1 and heptad repeat #2 are chosen to foster the formation of 
heterodimers and reduce the formation of homodimers. 

20 

Illustration H: Multimers are formed when the compounds in 
illustrations F and G are mixed due to the combination of the a- and fi-subunits and 
the heptad repeats. In illustrations A - H, the "N-" and "-C" refer to the amino 
terminus and the carboxy terminus of the proteins. The "i" refers to a single unit 
25 that can be repeated several times. Note also that while the heptad repeats 
illustrated here are identical, use of identical repeats is not essential. There are 
large numbers of proteins that contain non-identical heptad repeats that are able to 
form homodimers or heterodimers (60). 

3 o Single chain gonadotropins with lutropin and/or folliotropin activity. 

Example 12 

Preparation and use of Analog #1 (cf., Table 1), a single chain gonadotropin 
35 with lutropin activity. (See Figure 6) 

The coding sequences for analog #1 listed in Table 1 can be 
synthesized using the block ligation approach described (54) or they can be 
prepared starting with the coding sequences for the hCG 6-subunit and the human 
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a-subunit. These can be cloned from a human placental cDNA library. The 
sequences encoding the signal peptide from the human a-subunit are deleted and the 
coding sequences for the proteins are spliced together using the SOEing technique 
(63) as follows: Primer #1 (100 ng) having the sequence 5'- 
5 ATGAAATCGACGGAATCAGACTCGAGCCAAGGATGGAGATGTTCCAGGG 
GCTGCT-3' and primer #2 (100 ng) having the sequence 3'- 
GGGAGCCTGTGGGGCTAGGAGGGGGTTCCTAGGCCATCGCCTAGACCAT 
CG-5* are mixed with the hCG fi-subunit cDNA (1 jig) which serves as a template 
and PCR is performed for 25 temperature cycles of 94°C (30 seconds), 50°C (60 

10 seconds), 72 °C (60 seconds) using Pfu DNA polymerase purchased from Strate- 
gene, LaJolIa, CA and dioxynucleotide triphosphates and PCR buffer as described 
(63) . Primer #3 (100 ng) having the sequence 5 

GGATCCGGTAGCGGATCTGGTAGCGCTCCTGATGTGC AGGATTGCCCA-3 1 
and primer #4 (100 ng) having the sequence 3'- 

15 ACGTCATGAACAATAATAGTGTTTAGAATTCCATXK3CCTAGGTAGAGTT 
GATT AGGCCT-5 ' are mixed with human a-subunit cDNA (1/xg) which serves as a 
template and PCR is performed for 25 temperature cycles of 94°C (30 seconds), 
50°C (60 seconds), 72°C (60 seconds) using Pfu DNA polymerase and 
dioxynucleotide triphosphates and PCR buffer as described (63). These two PCR 

20 reactions give products that serve as intermediate templates in a third (final) PCR 
reaction that gives the desired constructs in a form suitable for cloning. The final 
PCR reaction is performed by mixing 1 (il of the products from the first two PCR 
reactions along with primer #5 having the sequence 5'- 
ATG AAATCG ACGGAATCAGACTCGAGCCAAGG-3 1 and primer #6 having the 

25 sequence 3 1 -ATTCCATGGCCTAGGTAGAGTTCGATTAGGCCT-5 ' for 25 
temperature cycles of 94 °C (30 seconds), 50°C (60 seconds), 72 °C (60 seconds) 
using Pfu DNA polymerase, additional dioxynucleotide triphosphates, and PCR 
buffer. The final PCR product is digested with restriction enzymes Xhol and Bgin 
and ligated into pSVL (an expression vector obtained from Pharmacia, Piscataway, 

30 NT) that has been digested with Xhol and BamHI to create a vector that will direct 
the synthesis of Analog 1. The Xhol site of the PCR product will ligate to the Xhol 
site of pSVL and the Bgffl site of the PCR product will ligate to the BamHI site of 
pSVL. The Xhol site will be regenerated and the BglH and BamHI sites will be 
eliminated. The sequences of the coding regions (i.e., between the Xbal and Kpnl 

35 sites, c.f., Figure 6) of several constructs are determined until one is found that 
encodes a protein having the desired amino acid sequence illustrated in Figure 6. 
This is done to eliminate the possible errors that arise as the result of PCR and 
other DNA manipulation and is a standard precaution to be certain that the desired 
sequence is obtained. The expressed protein is expected to lack amino acid residues 
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MEMFQGIIJLLLLLSMGGTWA that are the part of the signal sequence found in 
hCG fi-subunit and which are removed by the cell during protein synthesis. This 
vector is expressed in COS-7 cells as described (64) and the protein released into 
the medium is tested for its ability to inhibit the binding of radioiodinated hCG to 
5 monoclonal antibodies or to antisera prepared against hCG. The protein made by 
the COS-7 cells will compete with radioiodinated hCG for binding to one or more 
of the following antibodies: B101 (obtained from Columbia University), BIOS 
(obtained from Columbia University), B107 (obtained from Columbia University), 
B109 (obtained from Columbia University), A201 (obtained from Columbia 

10 University), HCU061 (obtained from Hybritech), HCZ107 (obtained from 
Hybritech), or HCOS14 (obtained from Hybritech), ZMCG18 (obtained from 
Pierce), ZMCG13 (obtained from Pierce), or ZMCG7 (obtained from Pierce) or 
518B7 (obtained from Dr. Janet Roser, University of California at Davis). The 
protein released into the medium will compete with radiolabeled hCG for binding to 

15 receptors on corpora hitea as described by Campbell, Dean-Emig, and Moyle (64). 
It would be expected to stimulate testosterone formation in a Leydig cell assay 
performed similar to that described by Moyle et al. (37) and to stimulate ovulation 
in female animals and to stimulate testosterone formation in male mammals. This 
analog would also be expected to be a good starting point for use in a contraceptive 

20 vaccine using the template approach outlined in Example 11. This analog is shown 
in Table 1 as Analog #1 and contains a linker sequence of GSGSGSGS. This linker 
can be modified by digesting the expression vector with Apal and Eco47m 
endonuclease restriction enzymes, discarding the short piece, ligating a cassette of 
synthetic double stranded DNA with the desired amino acid codons containing any 

25 number of glycine or serine codons or other amino acid codons into the 
ApaI/Eco47m site by standard methods, sequencing the region between the 
ApaI/Eco47m to confirm the desired mutations have been made, and expressing the 
protein in COS-7 cells. This can be done to optimize the activity of the single 
chain gonadotropin. The protein is expected to function as a monomer or to 

30 combine to form active homodimers. In addition, several copies of the protein 
would be expected to combine to form multimers. 

Example 13 

35 Preparation and use of Analog #2, a single chain gonadotropin with lntropin 

activity. (See Figure 7) 



The coding sequences for Analog #2 listed in Table 1 can be 
synthesized using the block ligation approach described (54) or they can be 
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prepared by PCR using primers #1 and #7 and the expression construct described in 
Example 12 and in Figure 6 as a template. The sequence of primer #7 is 3'- 
TGGTGGGGAACTGGACACTACTGGGCGCCCCTAGGCCATCG-5 ' . The final 
PCR product is digested with restriction enzymes Xhol and BamHI and ligated with 
the large fragment of DNA obtained by digesting the expression construct described 
in Example 12 with Xhol and BamHI. The sequences of the coding regions 
between the Xhol and BamHI sites of several constructs are determined until one is 
found that encodes a protein having the amino acid sequence described in Figure 7 
is obtained. This will insure that cloning artifacts are not present in the region that 
has been altered. The expressed protein is expected to lack amino acid residues 
MEMFQGLLLLLLLSMGGTWA that are the part of the signal sequence found in 
hCG B-subunit and which are removed by the cell during protein synthesis. This 
vector is expressed in COS-7 cells and the protein released into the medium is 
tested for its ability to inhibit the binding of radioiodinated hCG to monoclonal 
antibodies or to antisera prepared against hCG. The protein made by the COS-7 
cells will compete with radioiodinated hCG for binding to one or more of the 
following antibodies: B101 (obtained from Columbia University), B105 (obtained 
from Columbia University), B107 (obtained from Columbia University), B109 
(obtained from Columbia University), A201 (obtained from Columbia University), 
HCU061 (obtained from Hybritech), or HC0514 (obtained from Hybritech), 
ZMCG18 (obtained from Pierce), ZMCG13 (obtained from Pierce), or ZMCG7 
(obtained from Pierce) or 518B7 (obtained from Dr. Janet Roser, University of 
California at Davis). The protein released into the medium will compete with 
radiolabeled hCG for binding to receptors on corpora lutea as described by 
Campbell, Dean-Emig, and Moyle (64). It would be expected to stimulate 
testosterone formation in a Leydig cell assay performed similar to that described by 
Moyle et al. (37) and to stimulate ovulation in female animals and to stimulate 
testosterone formation in male mammals. This analog would also be expected to be 
a good starting point for use in a contraceptive vaccine using the template approach 
outlined in Example 11. This analog is shown in Table 1 as Analog #2 and 
contains a linker sequence of GSGSGSGS. This linker can be modified by 
digesting the expression vector with SstH and Eco47m endonuclease restriction 
enzymes, discarding the short piece, ligating a cassette of synthetic double stranded 
DNA with the desired amino acid codons containing any number of glycine or 
serine codons or other amino acid codons into the Sstn/Eco47m site by standard 
methods, sequencing the region between the SstH/Eco47ni to confirm the desired 
mutations have been made, and expressing the protein in COS-7 cells. This can be 
done to optimize the activity of the single chain gonadotropin. The protein is 
expected to function as a monomer or to combine to form active homodimers. In 
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addition, several copies of the protein would be expected to combine to form 
multimers. 

Example 14 

Preparation and use of Analog #3, a single chain gonadotropin with lutropin 

activity. (See Figure 8) 

The coding sequences for analog #3 listed in Table 1 can be 
synthesized using the block ligation approach described (54) or they can be 
prepared in the fashion as described for Analog #2 in Example 13 except that 
primers #1 and #7 are replaced with primers #8 and #9 and that the hLH B-subunit 
cDNA is used as a template in place of the hCG B-subunit cDNA. The hLH fl- 
subunit cDNA can be obtained by screening a human pituitary library. The 
sequence of primer #8 is 5 '- 

ATGAAATCGACGGAATCAGACTCGAGCCAAGGAATGGAGATGCTCCAGG 
GGCTGCT-S' and the sequence of primer #9 is 3 f - 

GTGGGGAACTGGACACTGGTGGGGGTTCCTAGGCCATCGCCTAGACCATC 
G-5'. The final PGR product is digested with restriction enzymes Xhol and BamHI 
and subcloned into the XhoI/BamHI sites of the expression vector created as 
described in Example 12. The sequences of the coding regions between the Xhol 
and BamHI sites of several constructs are determined until one is found that encodes 
a protein having the amino acid sequence shown in Figure 8. The expressed protein 
is expected to lack amino acid residues MEMLQGUXLLLLSMGGAWA that are 
the part of the signal sequence found in hLH B-subunit and which are removed by 
the cell during protein synthesis. This vector is expressed in COS-7 cells and the 
protein released into the medium is tested for its ability to inhibit the binding of 
radioiodinated hCG to monoclonal antibodies or to antisera prepared against hCG. 
The protein made by the COS-7 cells will compete with radioiodinated hCG for 
binding to one or more of the following antibodies: B101 (obtained from Columbia 
University), B105 (obtained from Columbia University), A201 (obtained from 
Columbia University), HCU061 (obtained from Hybritech), ZMCG7 (obtained 
from Pierce) or 518B7 (obtained from Dr. Janet Roser, University of California at 
Davis). The protein released into the medium will compete with radiolabeled hCG 
for binding to receptors on corpora lutea as described by Campbell, Dean-Emig, 
and Moyle (64). It would be expected to stimulate testosterone formation in a 
Leydig cell assay perfonned similar to that described by Moyle et al. (37) and to 
stimulate ovulation in female animals and to stimulate testosterone formation in 
male mammals. This analog would also be expected to be a good starting point for 
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use in designing vaccines to enhance or inhibit fertility using the template procedure 
outlined earlier. This analog is shown in Table 1 as Analog #3 and contains a 
linker sequence of GSGSGSGS. This linker can be modified by digesting the 
expression vector with BamHI and Eco47ID endonuclease restriction enzymes, 
discarding the short piece, ligating a cassette of synthetic double stranded DNA 
with the desired amino acid codons containing any number of glycine or serine 
codons or other amino acid codons into the BamHI/Eco47in site by standard 
methods, sequencing the region between the BamHI/Eco47III to confirm the desired 
mutations have been made, and expressing the protein in COS-7 cells. This can be 
done to optimize the activity of the single chain gonadotropin. The protein is 
expected to function as a monomer or to combine to form active homodimers. In 
addition, several copies of the protein would be expected to combine to form 
multimers. 

Example 15 

Preparation and use of Analog #4, a single chain gonadotropin with follitropin 

activity. (See Figure 9) 

The coding sequences for analog #4 listed in Table 1 can be 
synthesized using the block ligation approach described (54) or they can be 
prepared in the fashion as described for Analog #2 in Example 13 except that 
primers #1 and #7 are replaced with primers #10 and #11 and that the hFSH B- 
subunit cDNA is used as a template in place of the hCG B-subunit cDNA. The 
hFSH B-subunit cDNA can be obtained from a human pituitary gland library. The 
sequence of primer #10 is 5'- 

ATGAAATCGACGGAATCAGACTCGAGCCAAGGATGAAGACACTCCAGTT 
TTTCTTCC-3' and the sequence of primer #11 is 3'- 

G ACG AGGAAACCACTTTACTTTCTTCCTACKjCCATCGCCTAGACC A-5 ' . 
The final PCR product is digested with restriction enzymes Xhol and BamHI and 
subcloned into the XhoI/BamHI sites of the expression vector created as described 
in Example 12. The sequences of the coding regions between the Xbal and BamHI 
sites of several constructs are detennined until one is found that encodes a protein 
having the amino acid sequence illustrated in Figure 9. The expressed protein is 
expected to lack amino acid residues MKTLQFFFLFCCWKAICC that are the part 
of the signal sequence found in hFSH B-subunit and which are removed by the cell 
during protein synthesis. The vector is expressed in COS-7 cells and the protein 
made by the cells will compete with radioiodinated hFSH for binding to one or 
more of the following antibodies: ZMFS1 (obtained from Pierce), A201 (obtained 
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from Columbia University), HCU061 (obtained from Hybritech), FSG761 
(obtained from Hybritech), FSRD93.3 (obtained from Hybritech), FSH107 
(obtained from Hybritech), FSB061 (obtained from Hybritech), FSM210 (obtained 
from Hybritech), and FSM268 (obtained from Hybritech). The protein released 
5 into the medium will compete with hFSH for binding to receptors on bovine testes 
as described by Campbell, Dean-Emig, and Moyle (64). It would be expected to 
stimulate estradiol formation in a granulosa cell assay performed similar to that 
described by Skaf et al (65) and to stimulate follicle development and 
spermatogenesis in female and male mammals. This analog is also a useful starting 

10 compound to select for an immunogen that elicits antibodies to FSH and is part of a 
contraceptive vaccine. This analog is shown in Table 1 as Analog #4 and contains a 
linker sequence of GSGSGSGS. This linker can be modified by digesting the 
expression vector with Apal and Eco47m endomiclease restriction enzymes, 
discarding the short piece, ligating a cassette of synthetic double stranded DNA 

15 with the desired amino acid codons containing any number of glycine or serine 
codons or other amino acid codons into the BamHI/Eco47in site by standard 
methods, sequencing the region between the ApaI/Eco47m to confirm the desired 
mutations have been made, and expressing the protein in COS-7 cells. This can be 
done to optimize the activity of the single chain gonadotropin. The protein is 

20 expected to function as a monomer or to combine to form active homodimers. In 
addition, several copies of the protein would be expected to combine to form 
multimers. 

Example 16 

25 

Preparation and use of Analog #5, a single chain gonadotropin with FSH 
activity that is structurally more similar to hCG than hFSH. (See Figure 10) 

The coding sequences for analog §5 listed in Table 1 can be 
30 synthesized using the block ligation approach described (54) or they can be 
prepared in the fashion as described for Analog #2 in Example 13 except that 
primer #7 is replaced with primer #12. The sequence of primer #12 is 3'- 
CGACAGTCGACAGTTACACGTGAGACGCTGTCGCTGTCGTGACTAACATG 
ACACGCTCCGGACCCCGGGTCGATGACGAGGAAACCACnTACTri'Cl"rC 
35 CTAGGCCATCG-5 1 . The final PCR product is digested with restriction enzymes 
Xhol and BamHI and subcloned into the XhoI/BamHI sites of the expression vector 
created as described in Example 12. The sequences of the coding regions between 
the Xbal and BamHI sites of several constructs are determined until one is found 
that encodes a protein having the amino acid sequence illustrated in Figure 10. The 
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expressed protein is expected to lack amino acid residues 
MEMLQGT J J ,T J J J SMGGAWA that are the part of the signal sequence found in 
hCG fi-subunit and which are removed by the cell during protein synthesis. This 
vector is expressed in COS-7 cells and the protein released into the medium is 
tested for its ability to inhibit the binding of radioiodinated hCG to monoclonal 
antibodies or to antisera prepared against hCG. The protein made by the COS-7 
cells will compete with radioiodinated hCG for binding to one or more of the 
following antibodies: B101 (obtained from Columbia University), B105 (obtained 
from Columbia University), B107 (obtained from Columbia University), B109 
(obtained from Columbia University), A201 (obtained from Columbia University), 
HCU061 (obtained from Hybritech), or HC0514 (obtained from Hybritech), 
ZMCG18 (obtained from Pierce), ZMCG13 (obtained from Pierce), or ZMCG7 
(obtained from Pierce) or 518B7 (obtained from Dr. Janet Roser, University of 
California at Davis). The protein released into the medium will compete with 
hFSH for binding to receptors on bovine testes as described by Campbell, Dean- 
Emig, and Moyle (64). It would be expected to stimulate estradiol formation in a 
granulosa cell assay performed similar to that described by Skaf et al (65) and to 
stimulate follicle development and spermatogenesis in female and male mammals. 
This analog is shown in Table 1 as Analog #5 and contains a linker sequence of 
GSGSGSGS. This linker can be modified by digesting the expression vector with 
Apal and Eco47Ui endonuclease restriction enzymes, discarding the short piece, 
ligating a cassette of synthetic double stranded DNA with the desired amino acid 
codons containing any number of glycine or serine codons or other amino acid 
codons into the BamHI/Eco47in site by standard methods, sequencing the region 
between the ApaI/Eco47m to confirm the desired mutations have been made, and 
expressing the protein in COS-7 cells. This can be done to optimize the activity of 
the single chain gonadotropin. The protein is expected to function as a monomer or 
to combine to form active homodimers. In addition, several copies of the protein 
would be expected to combine to form mul timers. 



Example 17 

Preparation and use of Analog #6, a single chain gonadotropin with FSH and 
LH activities that is structurally more similar to hCG than hFSH. (See Figure 

11) 

The coding sequences for analog #6 listed in Table 1 can be 
synthesized using the block ligation approach described (54) or they can be 
prepared in the fashion as described for Analog #2 in Example 13 except that 
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primer #7 is replaced with primer #13. The sequence of primer #13 is 3'- 
ACGGCGGCGTCGTGGTGACTGACGTGACACGCTCCGGACCCCGGGTCGA 
TGACGAGGAAACCACTTTACTTTCTTCCTAGGCCATCG-S ' . The final PCR 
product is digested with restriction enzymes Xhol and BamHI and subcloned into 
the XhoI/BamHI sites of the expression vector created as described in Example 12. 
The sequences of the coding regions between the Xbal and BamHI sites of several 
constructs are determined until one is found that encodes a protein having the amino 
acid sequence illustrated in Figure 11. The expressed protein is expected to lack 
amino acid residues MEMLQGT ,T J J J J J SMGGAWA that are the part of the signal 
sequence found in hCG-subunit and which are removed by the cell during protein 
synthesis. This vector is expressed in COS-7 cells and the protein released into the 
medium is tested for its ability to inhibit the binding of radioiodinated hCG to 
monoclonal antibodies or to antisera prepared against hCG. The protein made by 
the COS-7 cells will compete with radioiodinated hCG for binding to one or more 
of the following antibodies: B101 (obtained from Columbia University), BIOS 
(obtained from Columbia University), B107 (obtained from Columbia University), 
B109 (obtained from Columbia University), A201 (obtained from Columbia 
University), HCU061 (obtained from Hybritech), or HC0514 (obtained from 
Hybritech), ZMCG18 (obtained from Pierce), ZMCG13 (obtained from Pierce), or 
ZMCG7 (obtained from Pierce) or 518B7 (obtained from Dr. Janet Roser, 
University of California at Davis). The protein released into the medium will 
compete with hFSH for binding to receptors on bovine testes as described by 
Campbell, Dean-Emig, and Moyle (64). It would be expected to stimulate estradiol 
formation in a granulosa cell assay performed similar to that described by Skaf et al 
(65) and to stimulate follicle development and spermatogenesis in female and male 
mammals. The protein released into the medium will compete with radiolabeled 
hCG for binding to receptors on corpora lutea as described by Campbell, Dean- 
Emig, and Moyle (64). It would be expected to stimulate testosterone formation in 
a Leydig cell assay performed similar to that described by Moyle et al. (37) and to 
stimulate ovulation in female animals and to stimulate testosterone formation in 
male mammals. This analog is shown in Table 1 as Analog #6 and contains a 
linker sequence of GSGSGSGS. This linker can be modified by digesting the 
expression vector with Apal and Eco47m endonuclease restriction enzymes, 
discarding the short piece, ligating a cassette of synthetic double stranded DNA 
with the desired amino acid codpns containing any number of glycine or serine 
codons or other amino acid codons into the BamHI/Eco47in site by standard 
methods, sequencing the region between the ApaI/Eco47III to confirm the desired 
mutations have been made, and expressing the protein in COS-7 cells. This can be 
done to optimize the activity of the single chain gonadotropin. The protein is 
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expected to function as a monomer or to combine to form active homodimers. In 
addition, several copies of the protein would be expected to combine to form 
mul timers. 

Example 18 

Preparation and use of Analog #7, a single chain gonadotropin with FSH and 
LH activities that is structurally more similar to hCG than hFSH. 

The coding sequences for analog #7 listed in Table 1 can be 
synthesized using the block ligation approach described (54) or they can be 
prepared in the fashion as described for Analog #2 in Example 13 except that 
primer #7 is replaced with primer #14. The sequence of primer #14 is 3'- 
ACGGCGGCGTCGTGGTGACTGAGGTGACACGCTCCGGACCCCGGGTCGA 
TGACGAGGAAACCACTTCCTAGGCC ATCG-5 ' . The final PCR product is 
digested with restriction enzymes Xhol and BamHI and subcloned into the 
XhoI/BamHI sites of the expression vector created as described in Example 12. 
The sequences of the coding regions between the Xbal and BamHI sites of several 
constructs are determined until one is found that encodes a protein having the amino 
acid sequence illustrated in Figure 12. The expressed protein is expected to lack 
amino acid residues MEMLQGT J J J J ,1 J SMGGAWA that are the part of die signal 
sequence found in hCG 6-subunit and which are removed by the cell during protein 
synthesis. This vector is expressed in COS-7 cells and the protein released into the 
medium is tested for its ability to inhibit the binding of radioiodinated hCG to 
monoclonal antibodies or to antisera prepared against hCG. The protein made by 
the COS-7 cells will compete with radioiodinated hCG for binding to one or more 
of the following antibodies: B101 (obtained from Columbia University), B105 
(obtained from Columbia University), B107 (obtained from Columbia University), 
B109 (obtained from Columbia University), A201 (obtained from Columbia 
University), HCU061 (obtained from Hybritech), or HC0514 (obtained from 
Hybritech), ZMCG18 (obtained from Pierce), ZMCG13 (obtained from Pierce), or 
ZMCG7 (obtained from Pierce) or 518B7 (obtained from Dr. Janet Roser, 
University of California at Davis). The protein released into the medium will 
compete with hFSH for binding to receptors on bovine testes as described by 
Campbell, Dean-Emig, and Moyle (64). It would be expected to stimulate estradiol 
formation in a granulosa cell assay performed similar to that described by Skaf et al 
(65) and to stimulate follicle development and spermatogenesis in female and male 
m ammal s. The protein released into the medium will compete with radiolabeled 
hCG for binding to receptors on corpora lutea as described by Campbell, Dean- 
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Emig, and Moyle (64). It would be expected to stimulate testosterone formation in 
a Leydig cell assay performed similar to that described by Moyle et al. (37) and to 
stimulate ovulation in female animals and to stimulate testosterone formation in 
male mammals. This analog is shown in Table 1 as Analog #17 and contains a 
linker sequence of GSGSGSGS. This linker can be modified by digesting the 
expression vector with Apal and Eco47m endonuclease restriction enzymes, 
discarding the short piece, ligating a cassette of synthetic double stranded DNA 
with the desired amino acid codons containing any number of glycine or serine 
codons or other amino acid codons into the BamHI/Eco47in site by standard 
methods, sequencing the region between the ApaI/Eco47m to confirm the desired 
mutations have been made, and expressing the protein in COS-7 cells. This can be 
done to optimize the activity of the single chain gonadotropin. The protein is 
expected to function as a monomer or to combine to form active homodimers. In 
addition, several copies of the protein would be expected to combine to form 
multimers. 

Example 19 

Preparation and use of Analog #8, a single chain gonadotropin with FSH and 
LH activities that is structurally more similar to hCG than hFSH. (See Figure 

13) 

The coding sequences for analog #8 listed in Table 1 can be 
synthesized using the block ligation approach described (54) or they can be 
prepared in the fashion as described for Analog #2 in Example 13 except that 
primer #7 is replaced with primer #15. The sequence of primer #15 is 3'- 
ACGGCGGCGTCGTGGTGACTGACGTGACACGCTCCGGACGCCGGGTCGA 
TGACGCTACTGGGCGCCCCTAGGCCATCG-5 1 . The final PCR product is 
digested with restriction enzymes Xhol and BamHI and subcloned into the 
XhoI/BamHI sites of the expression vector created as described in Example 12. 
The sequences of the coding regions between the Xbal and BamHI sites of several 
constructs are determined until one is found that encodes a protein having the amino 
acid sequence illustrated in Figure 13. The expressed protein is expected to lack 
amino acid residues MEMLQGUJLLLLLSMGGAWA that are the part of the signal 
sequence found in hCG B-subunit and which are removed by the cell during protein 
synthesis. This vector is expressed in COS-7 cells and the protein released into the 
medium is tested for its ability to inhibit the binding of radioiodinated hCG to 
monoclonal antibodies or to antisera prepared against hCG. The protein made by 
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the COS-7 cells will compete with radioiodinated hCG for binding to one or more 
of the following antibodies: B101 (obtained from Columbia University), B105 
(obtained from Columbia University), B107 (obtained from Columbia University), 
B109 (obtained from Columbia University), A201 (obtained from Columbia 
University), HCU061 (obtained from Hybritech), or HC0514 (obtained from 
Hybritech), ZMCG18 (obtained from Pierce), ZMCG13 (obtained from Pierce), or 
ZMCG7 (obtained from Pierce) or 518B7 (obtained from Dr. Janet Roser, 
University of California at Davis). The protein released into the medium will 
compete with hFSH for binding to receptors on bovine testes as described by 
Campbell, Dean-Emig, and Moyle (64). It would be expected to stimulate estradiol 
formation in a granulosa cell assay performed similar to that described by Skaf et al 
(65) and to stimulate follicle development and spermatogenesis in female and male 
mammals. The protein released into the medium will compete with radiolabeled 
hCG for binding to receptors on corpora lutea as described by Campbell, Dean- 
Emig, and Moyle (64). It would be expected to stimulate testosterone formation in 
a Leydig cell assay performed similar to that described by Moyle et al. (37) and to 
stimulate ovulation in female animals and to stimulate testosterone formation in 
male m a mm a l s. This analog is shown in Table 1 as Analog #8 and contains a 
linker sequence of GSGSGSGS. This linker can be modified by digesting the 
expression vector with Apal and Eco47m endonuclease restriction enzymes, 
discarding the short piece, ligating a cassette of synthetic double stranded DNA 
with the desired amino acid codons containing any number of glycine or serine 
codons or other amino acid codons into the BamHI/Eco47III site by standard 
methods, sequencing the region between the ApaI/Eco47m to confirm the desired 
mutations have been made, and expressing the protein in COS-7 cells. This can be 
done to optimize the activity of the single chain gonadotropin. The protein is 
expected to function as a monomer or to combine to form active homodimers. In 
addition, several copies of the protein would be expected to combine to form 
multimers. 

Example 20 

Preparation and use of Analog #9, a single chain gonadotropin with follitropin 

activity. (See Figure 14) 

The coding sequences for analog #9 listed in Table 1 can be 
synthesized using the block ligation approach described (54) or they can be 
prepared by digesting the construct described in Example 15 used to express Analog 
4 with the restriction enzymes Apal and BamHI. The small piece is replaced with a 
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cassette of synthetic DNA to give the sequence illustrated in Figure 14. The coding 
sequence between the Apal and BamHI sites of several constructs is determined 
until one is found that encodes a protein having the amino acid sequence illustrated 
in Figure 14. The expressed protein is expected to lack amino acid residues 
5 MKTLQFFFLFCCWKAICC that are the part of the signal sequence found in hFSH 
ft-subunit and which are removed by the cell dining protein synthesis. The vector is 
expressed in COS-7 cells and the protein made by the cells will compete with 
radioiodinated hFSH for binding to one or more of the following antibodies: 
ZMFS1 (obtained from Pierce), A201 (obtained from Columbia University), 

10 HCU061 (obtained from Hybritech), FSG761 (obtained from Hybritech), 
FSR093.3 (obtained from Hybritech), FSH107 (obtained from Hybritech), FSB061 
(obtained from Hybritech), FSM210 (obtained from Hybritech), and FSM268 
(obtained from Hybritech). The protein released into the medium will compete 
with hFSH for binding to receptors on bovine testes as described by Campbell, 

15 Dean-Emig, and Moyle (64). It would be expected to stimulate estradiol formation 
in a granulosa cell assay performed similar to that described by Skaf et al (65) and 
to stimulate follicle development and spermatogenesis in female and male 
mammals. This analog is also a useful starting compound to select for an 
immunogen that elicits antibodies to FSH and is part of a contraceptive vaccine. 

20 This analog is shown in Table 1 as Analog #9 and contains a linker sequence of 
GSGSGSGS. This linker can be modified by digesting the expression vector with 
Apal and Eco47HI endonuclease restriction enzymes, discarding the short piece, 
ligating a cassette of synthetic double stranded DNA with the desired amino acid 
codons containing any number of glycine or serine codons or other amino acid 

25 codons into the BamHI/Eco47ill site by standard methods, sequencing the region 
between the ApaI/Eco47Ul to confirm the desired mutations have been made, and 
expressing the protein in COS-7 cells. This can be done to optimize the activity of 
the single chain gonadotropin. The protein is expected to function as a monomer or 
to combine to form active homodimers. In addition, several copies of the protein 

3 0 would be expected to combine to form multimers. 

Example 21 

Preparation and use of Analog #10, a single chain gonadotropin with 
3 5 follitropin activity. (See figure 15) 

The coding sequences for Analog #10 listed in Table 1 can be 
synthesized using the block ligation approach described (54) or they can be 
prepared by digesting the construct described in Example 15 used to express Analog 
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4 with the restriction enzymes Apal and BamHI. The small piece is replaced with a 
cassette of synthetic DNA to give the sequence illustrated in Figure 15. The coding 
sequence between the Apal and BamHI sites of several constructs is determined 
until one is found that encodes a protein having the amino acid sequence illustrated 
in Figure 15. The expressed protein is expected to lack amino acid residues 
MKTLQFFFLFCCWKAICC that are the part of the signal sequence found in hFSH 
B-subunit and which are removed by the cell during protein synthesis. The vector is 
expressed in COS-7 cells and the protein made by the cells will compete with 
radioiodinated hFSH for binding to one or more of the following antibodies: 
ZMFS1 (obtained from Pierce), A201 (obtained from Columbia University), 
HCU061 (obtained from Hybritech), FSG761 (obtained from Hybritech), 
FSR093.3 (obtained from Hybritech), FSH107 (obtained from Hybritech), FSB061 
(obtained from Hybritech), FSM210 (obtained from Hybritech), and FSM268 
(obtained from Hybritech). The protein released into the medium will compete 
with hFSH for binding to receptors on bovine testes as described by Campbell, 
Dean-Emig, and Moyle (64). It would be expected to stimulate estradiol formation 
in a granulosa cell assay performed similar to that described by Skaf et al (65) and 
to stimulate follicle development and spermatogenesis in female and male 
mammal s. This analog is also a useful starting compound to select for an 
immunogen that elicits antibodies to FSH and is part of a contraceptive vaccine. 
This analog is shown in Table 1 as Analog #10 and contains a linker sequence of 
GSGSGSGS. This linker can be modified by digesting the expression vector with 
Apal and Eco47m endonuclease restriction enzymes, discarding the short piece, 
ligating a cassette of synthetic double stranded DNA with the desired amino acid 
codons containing any number of glycine or serine codons or other amino acid 
codons into the BamHI/Eco47in site by standard methods, sequencing the region 
between the ApaI/Eco47m to confirm the desired mutations have been made, and 
expressing thejwrotein in COS-7 cells. This can be done to optimize the activity of 
the single chain gonadotropin. The protein is expected to function as a monomer or 
to combine to form active homodimers. In addition, several copies of the protein 
would be expected to combine to form multimers. 



Example 22 

Preparation of an o-subunit analog lacking glycosylation sites. (See Figure 16) 

Analogs 1-10 are expected to contain 4 asparagine-linked 
oligosaccharides since they contain 4 sets of codons for the sequence Asparagine-X- 
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Threonine/Serine where X is any amino acid except proline. Removal of the 
asparagine-linked oligosaccharides, particularly those of the a-subunit, has been 
shown to reduce hormone efficacy. The asparagine-linked glycosylation signals can 
be removed from the a-subunit portion of the single chain gonadotropins using PCR 
5 as described here. PCR primer 16 having the sequence: 5'- 
TGCTTCTCTAGAGCATATCCCACTCCACTAAGGTCCAAGAAGACGATGTT 
GGTCCAAAAGCAAGTCACCT-3 ' and PCR primer 17 having the sequence: 3'- 
CAAAGTTTCACCTCGTTGTGTGCCGCACGGTGACGTCATGAACAATAATA 
GTGTTTAGAATTCCATGGCCATG-5' are used in a PCR reaction with a the 

1 0 vector that is capable of directing the expression of Analog 1 and that was described 
in Example 12 and Figure 6. After 25 cycles in the conditions described in 
Example 12, the PCR product and the expression vector are digested with Xbal and 
KpnI. The small fragment produced by digestion of the vector is discarded and the 
digested PCR product is ligated into the vector in its place. This produces an 

15 expression vector that encodes Analog 11, an analog that contains only 2 Asn- 
linked glycosylation signals but that is expected to retain its affinity for antibodies 
and antisera that bind to hCG. It is also expected to retain its affinity for LH 
receptors as shown by its ability to compete with hCG for binding to membranes 
from rat corpora lutea. However, it is expected to have a reduced ability to induce 

20 signal transduction, expecially when its ability to elicit cyclic AMP accumulation is 
tested (37). It is possible to create similar derivatives of Analogs 2-10 in which the 
oligosaccharides are removed from the portion of the protein derived from the cc- 
subunit by digesting each of the expression vectors with BamHI and KpnI, 
discarding the smaller piece, and ligating the small BamHI/Kpnl fragment obtained 

25 by digestion of Analog 11. Thus, Analog 2 would become Analog 12, Analog 3 
would become Analog 13, Analog 4 would become Analog 14, Analog 5 would 
become Analog 15, Analog 6 would become Analog 16, Analog 7 would become 
Analog 17, Analog 8 would become Analog 18, Analog 9 would become Analog 
19, and Analog 10 would become Analog 20. Note that it would also be possible to 

3 0 remove only one of the two glycosylation signals on the portion of the single chain 
gonadotropins derived from the a-subunit simply by changing the sequences of 
primers 16 and 17 during their synthesis and following the protocol outlined here. 
Each of these analogs would exhibit the same antibody and receptor binding as their 
precursors. They would have reduced efficacy and as a consequence, they would 

35 inhibit signal transduction. Analogs 11, 12, and 13 would reduce the activity of 
LH and would stimulate fertility when given in the early part of the follicular phase 
of the menstrual cycle. They would reduce the activity of hCG and would prevent 
fertility when administered near the time of expected menses. 
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Example 23 

Preparation of Analog la lacking asparagine-linked oligosaccharides. (See 

Figures 17 and 18) 

The efficacy of gonadotropins is proportional to their content of 
carbohydrates and while Analogs 11, 12, 13, 14, 15, 16, 17, 18, 19, and 20 have 
lower efficacy, it is possible to reduce their efficacy further by eliminating all 
oligosaccharide chains. The asparagine-linked oligosaccharide chains can be 
eliminated from Analog 11 by PCR SOEing (63) using primers 1 and 18 in one 
reaction and primers 2 and 19 in a second reaction. The expression vector for 
Analog 11 serves as a template in both reactions. The sequence of primer #18 is 

5'-CGGGGTAGGTTCGGTGGGACCGACACCTCTTCCTCCCGACGGGG-3 ' and 
the sequence of primer #19 is y. 

GTGGAGAAGGAGGGCTGCCCCGTGTGCATCACCGTCAACACCACCATC- 
5'. After 25 temperature cycles at 94 °C (30 sec), 55°C (60 sec), and 72°C (60 
sec), 1 p\ of each PCR reaction is mixed with primer #5 and additional primer #2, 
new buffer, enzyme, and deoxynucleotide triphosphates. The reaction product after 
25 additional cycles is cut with Xhol and BamHI and substituted for the original 
DNA found between the XhoI/BamHI sites of the vector encoding Analog 1 1 . This 
is accomplished by digesting the vector with Xhol and BamHI, discarding the small 
fragment and then ligating the large fragment with the XhoI/BamHI digested PCR 
product. Several clones are subjected to DNA sequencing until the one encoding 
the analog outlined in Figure 18 termed Analog la is obtained. When this is 
expressed in COS-7 cells, the protein that is made will be recognized by the same 
antibodies and antisera as Analog 1. Analog la will also bind to lutropin receptors 
but will have reduced efficacy relative to hCG. Thus, it will be useful for reducing 
the function of LH or hCG. When administered early in the follicular phase of the 
menstrual cycle, Analog la will reduce androgen synthesis. As a consequence, 
estradiol synthesis will decline, FSH levels will rise and fertility will be stimulated. 
Analog la will also be useful for inhibiting premature luteinization of the follicle. 
When administered in the luteal phase at about the time of expected menses, the 
analog will block the actions of hCG and serve as a menses inducer and an inhibitor 
of fertility. Analog la will also serve as a good starting compound to design 
vaccines using the template strategy described earner. 
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Example 24 

Preparation of other gonadotropins lacking asparagine-Iinked oligosaccharides 

5 The coding vectors for Analogs 2a, 5a, 6a, 7a, and 8a are readily 

prepared from Analog la and Analogs 12, 15, 16, 17, and 18. Analog la is 
digested with Kpnl and Mstll and the small fragment discarded. The large 
fragment is ligated separately to the small fragment prepared by Kpnl-Mstn 
digestion of the coding vectors for Analogs 12, 15, 16, 17, and 18. Analogs 2a, 

10 5a, 6a, 7a, and 8a will bind the same antibodies and receptors as Analogs 2, 5, 6, 
7, and 8, respectively. However, their abilities to elicit signal transduction will be 
reduced. Consequently, they will serve as inhibitors. Analog 2a will be effective 
primarily in blocking binding of hormones to LH receptors. Depending on the time 
that it is administered, Analog 2a will elicit fertility (i.e., when given early in the 

15 menstrual cycle) or will inhibit fertility (i.e., when given near the time of 
implantation or expected menses). In this regard Analogs la and 2a will have 
similar activities. Analog 5a will be effective primarily in blocking binding of 
hormones to FSH receptors. Analog 5a will be useful for suppressing hyperovarian 
stimulation. Analogs 6a, 7a, and 8a will be inhibitors of binding to LH and FSH 

20 receptors. These will be useful for suppressing hyperovarian stimulation and for 
blocking premature luteinization. 

The coding vectors for Analogs 3a and 4a can be made by SOEing 
PCR (63) in which Analogs 13 and 14 serve as templates. The strategy for design 

25 of the primers is similar as that described for the preparation of primers used to 
modify the expression vector for Analog la. When Analogs 3a and 4a are 
expressed in COS-7 cells, the proteins that are made will be recognized by the same 
antibodies and antisera as Analogs 3 and 4, respectively. Analog 3a will be useful 
for inhibiting the activity of hormones that bind to LH receptors. As such it will 

3 0 stimulate fertility when given early in the follicular phase. Analog 4a will be useful 
for inhibiting the activity of FSH. Analog 3a will be useful as a starting molecule 
for designing the vaccine to be used to increase fertility using the template strategy 
and antibodies that are able to partially neutralize the activity of LH. Analog 3a 
will also be useful as a starting molecule for designing the vaccine to prevent 

35 fertility using the template strategy and antibodies that are able to neutralize LH 
activity. Antibody 4a will also be useful as a starting molecule for designing the 
anti-FSH vaccine described earlier using the template strategy. 
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The coding vectors for Analogs 9a and 10a can be prepared from the 
coding vector for Analog 4a. The coding vector for Analog 4a is digested with Ball 
and Kpnl and the small fragment discarded. The small Ball-Kpnl fragments from 
the coding vectors for analogs 19 and 20 are ligated separately with the large 
Analog 4a fragment to produce coding vectors for Analogs 9a and 10a. When 
produced in COS-7 cells, Analogs 9a and 10a will have similar antibody and FSH 
receptor binding specificities as Analogs 9 and 10. Analogs 9a and 10a will have 
lower efficacy and will inhibit the activity of FSH. Thus, they will be useful for 
reducing ovarian hyperstimulation. They will also be useful starting vectors for the 
design of anti-FSH vaccines using the template strategy. 

Example 25 

Typical procedure for introducing a glycosylation site in a gonadotropin. 

Due to the positive influence of oligosaccharide residues on the 
stability of hormones in circulation, it is often useful to add extra oligosaccharide 
chains to the proteins. Addition of oligosaccharides can also be used to prevent 
unwanted antibody or receptor interactions. Surfaces of the protein that do not 
interact with receptors are useful places to add oligosaccharide chains that are to be 
used to stimulate hormone function. This can have a valuable effect in modulating 
the activities of single chain glycoprotein hormones or of modulating the activities 
of the a,B-heterodimeric glycoprotein hormones. For example, addition of a 
glycosylation signal to FSH fi-subunit at residues 71-73 to cause the creation of an 
asparagine-linked oligosaccharide at residue 71 will lead to a hormone that has 
higher activity. Conversely, addition of a glycosylation residue in this region of the 
protein after the other glycosylations have been removed will enhance its inhibitory 
activity. Methods for performing the mutagenesis are standard in the art and range 
from total synthesis of the coding sequences by block ligation of synthetic 
oligonucleotides (54) to SOEing PCR (63). Several examples of mutagenesis by 
SOEing PCR have already been given. 

Example 26 

Use of sequences other than those derived from human subunits. 

Analogs 1-20, Analogs Ib-lOb and, in particular, Analogs lA-lOa 
will serve as useful starting compounds for template directed vaccine design. For 
development of hormone-specific vaccines for use in humans, it is useful to make 
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analogs similar to those listed in Table 1 with a nonhuman a-subunit in place of the 
human a-subunit. This is because the bovine a-subunit renders the proteins more 
dissimilar to the human hormones than the analogs listed in Table 1. The approach 
to designing single chain glycoprotein hormones is similar to that listed in Examples 
12-21 except that the coding sequences for the nonhuman a-subunits are substituted 
for the human a-subunit sequences illustrated. Similarly, the glycosylation signals 
can be removed by altering the codons for asparagine or serine or threonine or 
inserting a proline between asparagine and the serine or threonine. 

In addition, when using the template strategy to design immunogens 
it is often desirable to start with a nonhuman molecule that has little, if any affinity 
for the templates used in positive selection and to introduce residues that will result 
in selection. These analogs can be prepared by substituting the FSH, LH, or TSH 
fi-subunit sequences from nonhuman sources in place of the human FSH, LH, and 
hCG sequences illustrated in Examples 12-25 and Table 1. 
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Tablel 

Structures of Single Chain Gonadotropins 
Analog Composition 

1 n-hCGB(l-l 45>Linkcr-humana(l -92K 

2 ihhCGB(l-114)-Lmker-humaaoe(l-92H 

3 n-hLHB{l-l 14>-Lmkcr-humana(l-92)-c 

4 n-hFSHfi(l-l 1 1)-Unkcr-hunuma(l-92H 

3 n-hCG6(l-93HiFSH6(88-l 1 l>-Unker-hiimuia(l-92X 

6 i*4iCGB(l-lOO)-hFSH0(95-l 1 IHinkeiwhumancrfl^K 

7 n4kCG6(l-100HiFSH6(95-l(»>-linker-bumaii^ 

8 *faCG0(l-100HiFSHB(95-l(B^^ 

9 D-hFSHB(1.108>-Liiiker-iiumana(l-92>-c 

10 n-hFSH6(l-104)-Linkcr-humana(l-92>-c 
la n-hCGB(l-145)[N13X.N30XH4^ 

2a n-hCGB(l-n4)IN13X.N30XHjnke^^^ 

3a n-hUM(l-n4)[N30Xl-U^ 

4a n-hF5HB(l-lli)[hrcX,N24X>Unker-^^ 

5a n-hCGB(1^3)fN13X t N30X]-hFSHB(88-l 1 l>-Ltnker-humana(l-92)(N52X > N78X)-c 

6a n^CGB(l-100)[N13X,N30X]WSHB(95-in>^^ 

7a n-hCGB(M00)[N13X,N3QX]-hF^ 

8a n-hCGB(M00)[N13X f N3CKH^^ 

9a D-hFSH8( I - 1 08>-Lmker-hmnaito< 1 -92)-[N52X f N78X)-c 

10a r>>hFSHfl(I-l(M)[hr7X,N24X]-linkcr^uiiuna(!^^ 

lb n^CGB(M45)lN13X.N30X,W8X.W^ 

2b n-hCGB(M14)[N13X,N30X.n8X,V79^ 

3b n-hLHB(M 14)[N30X,P78X,\79^liii}cer^ttin^ 

4b n-hFSHfl(l-l M)[N7X.N24X.D71NX73T>Linker^^^ 

5b n-hCGB(l-93)[N13X,N30X,P78X, V79TJ-hFSH6(88-I 1 l>-Linkcr-bumana(l-92)[N52X.N78X]-c 

fib i*bCGB<I-100)[NI3X^30X.raX/\^ 

7b n*CGfl(M00)[N13X^30X f I78X,V79^ 

8b n*CGB<M00)[N13X.N30X^8X,V79T)^^^ 

92)fN52X,N78X}-c 
9b n4iFSHB(M08)nTO t N24X,D71NX73^^ 
10bn*FSM(M04)[N7X,N24X,D71NX73^^ 
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Definitions of the letters and sequences in Table 1 
"n-" refers to the N-terminus of the protein, 
"-c" refers to the C-terminus of the protein. 

"hCGfl(l-145) n refers to the hCG fi-subunit amino acid sequence residues 1-145: 
SKEPIJIPRCRPINATI^VEKEGCPVCIT^^ 

QWCNYRDVRFESIRlJ'GCPRGV>rPWSYAVAI^CQCAIX^RSTTDCGG 
DHPLTCDDPRFQDSSSSKAPPPSLPSPSRLPGPSDTPILPQ 

"hCGB(l-114) n refers to the hCG fi-subunit amino acid sequence residues 1-114: 
SKEPURPRCM>INATI^VEKEGCPVOT 

qwcnyrdvrfesirijpgctrgvnpwsyavai^cqcaix:rrsttdcggpk 
dhpltcddpr 

"hCGfi(l-93) n refers to the hCG fi-subunit amino acid sequence residues 1-93: 

SKEPlJIPRCRPINATIJWEKEGCPVCTIWm 
QWCNYRDVRFESIRLPGCPRGVNPWSYAVALSCQCALC 

"hLHfi(l-l 14)" refers to the hLH fi-subunit amino acid sequence residues 1-1 14: 

SREPUlPWCFfflNAII^VEKEGCPVOTVNTTICAGYCPTMMRVI^ 

QWCTYRDVRFESIRLPGCPRGVDPVVSFPVALSCRCGPCRRSTSDCGGPKD 
HPLTCDHPQ 

"hFSHB(l-lll)" refers to the hFSH fi-subunit amino acid sequence residues 1-111: 
NSCELTMTIAVEKEGCGFCnTNTTWCAGYCYTR 

KELVYETVRWGCAHHADSLYTYPVATQCHCGKCDSDSTDCTVRGLGPSYC 
SFGEMKE 
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Definitions of the letters and sequences in Table 1 (continued) 

B hFSHB(l-108)*' refers to the hFSH fl-subunit amino acid sequence residues 1-108: 

NSCELTMTIAVEKEGCGFCTnNTTWCAGYCYTRDLVYKDPARPKIQKTC^ 

KELVYETVRVPGCAHHADSLYTYPVATQCHCGKCDSDSTDCTVRGLGPSYC 
SFGE 

"hFSHB(l-104) n refers to the hFSH B-subunit amino acid sequence residues 1-104: 

NSCELTNITIAVEKEGCGFCITINTTWCAGYCYTRDLVYKDPARPKIQ 
KELVYETVRVPGCAHHADSLYTYPVATQCHCGKCDSDSTDCTVRGLGPSYC 

"hFSHB(88-lll) n refers to the hFSH B-subunit amino acid sequence residues 88- 
111: 

DSDSTDCTVRGLGPSYCSFGEMKE 

"hFSHfl(95-lll) n refers to the hFSH B-subunit amino acid sequence residues 95- 
111: 

TVRGLGPSYCSFGEMKE 

B hFSHB(95-108)" refers to the hFSH B-subunit amino acid sequence residues 95- 
108: 

TVRGLGPSYCSFGE 

"hFSHB(95-103)" refers to the hFSH B-subunit amino acid sequence residues 95- 
103: 

TVRGLGPSY 

"N13X" refers to the substitution of glutarnine or other amino acid for hCG fl- 
subunit residue asparagine 13 and analogs 

"N30X n refers to the substitution of ghitamine or other amino acid for hCG or 
hLH B-subunit residue asparagine 30 and analogs 
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Definitions of the letters and sequences in Table 1 (continued) 

"N52X" refers to the substitution of glutamine or other amino acid for human a- 
subunit residue asparagine 52 and analogs 

"N78X" refers to the substitution of glutamine or other amino acid for human a- 
subunit residue asparagine 78 and analogs 

"P78X" refers to the substitution of any amino acid except proline for proline 78 in 
the fi-subunits of hCG or hLH and analogs 

n V79T n refers to the substitution of threonine or serine for valine 79 in hCG or 
hLH B-subunits and analogs 

"D71N" refers to the substitution of asparagine for aspartic acid 71 in hFSH B- 
subunits and analogs 

"L73T" refers to the substitution of threonine or serine for leucine 73 in hFSH B- 
subunits and analogs 

"huniana(l-92) w refers to the human a-subunit sequence residues 1-92 

APDVQDCPECTLQE1WFFSQPGAPILQCMGCCFSRAYPW 
WSESTCCVAKSYNRVTVMGGFKVENHTACTCS 

"Linker" refers to a sequence containing repeating glycine and serine amino acids 
such as GS, GSGS, GSGSGS, GSGSGSGS, GSGSGSGSGS or any other sequence 
of amino acids that permits the B- and a-subunit sequences of the single chain 
gonadotropin to form a complex in which the a- and B-subunit portions combine 
with the B- and a-subunit portions of the same or other molecule. 

"DDPR" refers to the amino acid sequence Asparagine-Asparagine-Proline- 
Arginine 
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Notes for Table 1: 

1. The order of the components from left to right in the table is the 
order in which the components occur in the protein from the ammo-terminus to the 
carboxy-terminus. 

2. Due to the high conservation of sequence in all vertebrate 
gonadotropins that can be seen from the alignment of their cysteine residues, single 
chain gonadotropins can be prepared by substitution of any homologous residues for 
the corresponding portions of the hCG, hLH, and hFSH fl-subunits. 

3. The sequence of the other vertebrate gonadotropin a-subunits can 
be substituted for humana(l-92). This includes but is not limited to bovine a- 
subunit residues 1-96. 

4. As shown, the order of the components has the sequences derived 
from the fi-subunit ammo-terminal of the sequences derived from the a-subunit. 
The order of the components in the table can be reversed such that the a-subunit 
sequences are amino-tenninal of the fi-subunit sequences. 

5. The amino acid sequences are shown in the standard single letter 
code except as noted. 

6. Coding sequences for all these analogs can be made by standard 
recombinant DNA methods that are well known in the art. One procedure for 
making these is that provided by Campbell et al* (54), They can be expressed in 
eukaryotic cells by methods well known in the art using vectors that have been 
designed for eukaryotic expression and that are available from InVitrogen, San 
Diego, CA. Those that do not contain oligosaccharide chains can also be made in 
E. coli by methods well known in the art using vectors such as the pET vectors that 
can be obtained from Novagen. 

7. The glycosylation sites at hCG B-subunit asparagines 13 and/or 
30 can be destroyed by substitution of the asparagine as illustrated and/or by 
substitution of residues 14 and/or 31 with a proline and/or by substitution of 
residues 15 and/or 32 with any other amino acid other than serine or threonine. 
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8. The glycosylation site at hLH fl-subunit asparagine 30 can be 
destroyed by substitution of the asparagine as illustrated and/or by substitution of 
residue 31 with a proline and/or by substitution of residue 32 with any other amino 
acid other than serine or threonine. 

9. The glycosylation sites at human a-subunit asparagines 52 and/or 
78 can be destroyed by substitution of the asparagine as illustrated and/or by 
substitution of residues 53 and/or 79 with a proline and/or by substitution of 
residues 54 and/or 80 with any other amino acid other than serine or threonine. 

10. The glycosylation sites at nonhuman a-subunit asparagines 56 
and/or 82 can be destroyed by substitution of the asparagine with any other amino 
acid and/or by substitution of residues 57 and/or 83 with a proline and/or by 
substitution of residues 58 and/or 84 with any other amino acid other than serine or 
threonine. 
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Table 2 



Properties and uses of the analogs illustrated in Table 1. 





Analog 


/wuvuy 


10 


l 


LH 




2 


LH 




3 


LH 




4 


FSH 




5 


FSH 


15 


6 


FSH and LH 




7 


FSH and LH 




8 


FSH and LH 




9 


FSH 




10 


FSH 




la 


Anri-LH 




xa 


Anti-LH 




ja 


Anti-LH 


25 








4a 


Anti-FSH 




5a 


Anti-FSH 




6a 


Anti-FSH and Anti-LH 


30 


7a 


Anti-FSH and Anti-LH 


8a 


Anti-FSH and Anti-LH 




9a 


Anli-FSH 




10a 


Anti-FSH 




lb 


Anti-LH 


35 


2b 


Anti-LH 




3b 


Anti-LH 




4b 


Anti-FSH 


40 


5b 


Anti-FSH 




6b 


Anti-FSH and Anti-LH 




7b 


Anti-FSH and Anti-LH 




8b 


Anti-FSH and Anti-LH 




9b 


Anti-FSH 


45 


10b 


Anti-FSH 



Use 



Induce ovulation; Increase male fertility 
Induce ovulation; Increase male fertility 
Induce ovulation; Increase male fertility 
Induce follicle development; Increase male fertility 
Induce foUkle development; Increase male fertility 
Induce follicle development; Increase male fertility 
Induce follicle development; Increase male fertility 
Induce follicle development; Increase male fertility 
Induce follicle development; Increase male fertility 
Induce follicle development; Increase male fertility 
♦Facilitate ovulation; Terminate pregnancy; 
Reduce androgen secretion 
♦Facilitate ovulation; Tcnninate pregnancy; 
Reduce androgen ecretion 
♦Facilitate ovulation; Terminate pregnancy; 
Reduce androgen secretion 

Treat ovarian hyperstimailation; Reduce spermatogenesis 

Treat ovarian riyperstinnuation; Reduce spermatogenesis 

Treat ovarian fryrjerstmiulation; Reduce spermatogenesis 

Treat ovarian hyperstinmlation; Reduce spermatogenesis 

Treat ovarian hyr^retimulation; Reduce spermatogenesis 

Treat ovarian byperstirrmlarion; Reduce spermatogenesis 

Treat ovarian overstimulation; Reduce spermatogenesis 

♦Facilitate ovulation; Terminate pregnancy; 

Reduce androgen secretion 

♦Facilitate ovulation; Terminate pregnancy; 

Reduce androgen secretion 

♦Facilitate ovulation; Terminate pregnancy; 

Reduce androgen secretion 

Treat ovarian faypersrirmilarinn; Reduce spermatogenesis 
Treat ovarian fayperstimulation; Reduce spermatogenesis 
Treat ovarian hyperstimulation; Reduce spermatogenesis 
Treat ovarian hypersrimiilation; Reduce spermatogenesis 
Treat ovarian hyperstimulation; Reduce spermatogenesis 
Treat ovarian rjyperstimulation; Reduce spermatogenesis 
Treat ovarian hyperstimulanon; Reduce spermatogenesis. 
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The compounds of the present invention can be administered to 
mammals, e.g., animals or humans, in amounts effective to provide the desired 
5 therapeutic effect. Since the activity of the compounds and the degree of the 
desired therapeutic effect vary, the dosage level of the compound employed will 
also vary. The actual dosage administered will also be determined by such 
generally recognized factors as the body weight of the patient and the individual 
hypersensitiveness of the particular patient. 

Throughout this application, various publications have been 
referenced. The disclosures in these publications are incorporated herein by 
reference in order to more fully describe the state of the art. 
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The invention being thus described, it will be obvious that the same 
may be varied in many ways. Such variations are not to be regarded as a departure 
from the spirit and scope of the invention and all such modifications arc intended to 
be included within the scope of the following claims. 
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I claim: 

1. A method for stimulating fertility in mammals by reducing the activity 

» 

of glycoprotein hormones having luteinizing hormone activity in circulation and 
5 thereby stimulating the production of follicle stimulating hormone which comprises 
administering to the mammal a therapeutically effective amount of a binding agent 
that binds luteinizing hormone. 

2. The method according to claim 1, wherein die mammal is female. 

10 

3. The method according to claim 1, wherein the mammal is a human 
and the luteinizing hormone is human luteinizing hormone. 

4. The method according to claim 1, wherein the binding agent binds to 
15 an epitope on the fi-subunit of luteinizing hormone at a position that remains 

exposed when luteinizing hormone binds to a luteinizing hormone receptor. 

5. The method according to claim 4, wherein the binding agent binds 
one of the residues between positions 70-80 of the 6-subunit of luteinizing 

20 hormone. 

6. The method according to claim 5, wherein the binding agent binds 
one of the residues between positions 74-77 of the 6-subunit of luteinizing 
hormone. 

25 

7. The method according to claim 1, wherein the binding agent is an 

antibody. 

8. The method according to claim 7, wherein the antibody is a 
30 nonneutralizing antibody and the method further comprises reducing but not 

eliminating the activity of the glycoprotein hormone having luteinizing hormone 
activity. 

9. The method according to claim 8, wherein the nonneutralizing 
35 antibody is B105. 

10. The method according to claim 8, wherein the nonneutralizing 
antibody is B 110. 
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11. The method according to claim 1, wherein the method comprises 
regulating ovulation in female humans. 

12. A vaccination method for stimulating fertility in mammals by 
reducing but not eliminating the activity of glycoprotein hormones having 
luteinizing hormone activity in circulation and thereby stimulating the production of 
follicle stimulating hormone which comprises the steps of: 

(a) providing binding agents that bind luteinizing hormone as positive 

templates; 

(b) providing a library of luteinizing hormone fi-subunit mutants obtained 
by random mutagenesis of the luteinizing hormone B-subunit; 

(c) screening the luteinizing hormone fl-subunit mutants from step (b) 
with the positive template binding agents from step (a); 

(d) discarding the luteinizing hormone B-subunit mutants that do not bind 
to the positive template binding agents in step (c); 

(e) detennining the DNA sequence encoding the luteinizing hormone fi- 
subunit mutants in step (d); 

(f) selecting the DNA sequence encoding the luteinizing B-subunit mutant 
that differs from luteinizing hormone but binds to luteinizing hormone binding 
agents with high affinity in step (e); 

(g) expressing the protein of the selected luteinizing hormone B-subunit 
mutant from the DNA sequence in step (f) in a prokaryotic or eukaryotic host; and 

(h) administering a therapeutically effective amount of the protein from 
step (g) to the m a mmal as an antigen to illicit an immune response thereby 
generating an antibody to luteinizing hormone to reduce but not eliminate 
luteinizing hormone activity and stimulate the production of follicle stimulating 
hormone to stimulate fertility in the mammal. 

13. The method according to claim 12, wherein the positive templates in 
step (a) comprise luteinizing hormone a-subunits and B-subunit mutants. 

14. The method according to claim 13, wherein the positive templates 
are selected from the group consisting of B105, B110, 518B7, and ZMCG7. 

15. The method according to claim 12, wherein the method further 
comprises the steps of: 

(i) in step (a), further providing binding agents that bind luteinizing 
hormone as negative templates; 
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(j) prior to step (c), screening the luteinizing hormone B-subunit mutants 
from step (b) with the negative template binding agents from steps (i); and 

(k) in step (c), screening the luteinizing hormone fi-subunit mutants that 
do not bind to the negative template binding agents from step (j) with the positive 
5 template binding agents from step (a). 

16. The method according to claim IS, wherein the negative templates in 
step (i) are selected from the group consisting of B107, B109, and antisera to the a- 
subunit. 

10 

17. A vaccination method for stimulating fertility in mammals by 
reducing but not eliminating the activity of glycoprotein hormones having 
luteinizing hormone activity in circulation and thereby stimulating the production of 
follicle stimulating hormone which comprises the steps of: 

15 (a) providing binding agents that bind luteinizing hormone as positive 

templates; 

(b) providing a library of luteinizing hormone fi-subunit mutants obtained 
by random mutagenesis of the luteinizing hormone fi-subunit; 

(c) screening the luteinizing hormone fi-subunit mutants from step (b) 
20 with the positive template binding agents from step (a); 

(d) discarding the luteinizing hormone fi-subunit mutants that do not bind 
to the positive template binding agents in step (c); 

(e) determining the DNA sequence encoding the luteinizing hormone fi- 
subunit mutants in step (d); 

25 (f) selecting the DNA sequence encoding the luteinizing fi-subunit mutant 

that differs from luteinizing hormone but binds to luteinizing hormone binding 
agents with high affinity in step (e); and 

(g) administering a therapeutically effective amount of the DNA sequence 
encoding the luteinizing fi-subunit mutant protein from step (f) to the mammal to 

3 0 elicit the expression of antigen and thereby illicit an immune response generating an 
antibody to luteinizing hormone to reduce but not eliminate luteinizing hormone 
activity and stimulate the production of follicle stimulating hormone to stimulate 
fertility in the mammal. 

35 18. A method for designing a vaccine for inducing infertility in female 

mammals by reducing the activity of glycoprotein hormones having chorionic 
gonadotropin hormone activity in circulation which comprises the steps of: 

(a) providing binding agents that bind chorionic gonadotropin hormone as 
positive templates; 
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(b) providing a library of chorionic gonadotropin hormone fi-subunit 
mutants obtained by random mutagenesis of the chorionic gonadotropin hormone B- 
subunit; 

(c) screening the chorionic gonadotropin hormone fl-subunit mutants from 
step (b) with the positive template binding agents from step (a); 

(d) discarding the chorionic gonadotropin hormone B-subunit mutants that 
do not bind to the positive template binding agents in step (c); 

(e) determining the DNA sequence encoding the chorionic gonadotropin 
hormone B-subunit mutants in step (d); 

(f) selecting the DNA sequence encoding the chorionic gonadotropin B- 
subunit mutant that differs from chorionic gonadotropin hormone but binds to 
chorionic gonadotropin hormone binding agents with high affinity in step (e); 

(h) expressing the protein of the selected chorionic gonadotropin hormone 
B-subunit mutant from the DNA sequence in step (g) in a prokaryotic or eukaryotic 
host; and 

(i) administering a therapeutically effective amount of the protein from 
step(h) to the m a mmal as an antigen to illicit an immune response thereby 
generating an antibody to chorionic gonadotropin hormone to reduce chorionic 
gonadotropin hormone activity to induce infertility in the female mammal. 

19. The method according to claim 18, wherein the library in step (b) is 
prepared from a single chain gonadotropins. 

20. The method according to claim 19, wherein the single chain 
gonadotropin comprises a chorionic gonadotropin B-subunit at the N-terminus, a 
vertebrate a-subunit at the C-terminus, and a linker having from 1 to 16 amino acid 
residues connecting the chorionic gonadotropin B-subunit to the vertebrate a- 
subunit. 

21. The method according to claim 19, wherein the single chain 
gonadotropin comprises a vertebrate a-subunit at the N-tenninus, a chorionic 
gonadotropin B-subunit at the C-terminus, and a linker having from 1 to 16 amino 
acid residues connecting the chorionic gonadotropin B-subunit to the vertebrate a- 
subunit. 

22. The method according to claim 18, wherein the activity of 
glycoprotein hormones having chorionic gonadotropin activity in circulation is 
eliminated. 
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23. The method according to claim 18, wherein the binding agent is a 
neutralizing antibody. 

24. The method according to claim 23 , wherein the neutralizing antibody 
5 is selected from the group consisting of B109, B107, HCZ107, and HC0514. 

25. The method according to claim 18, wherein the method further 
comprises the steps of: 

(i) in step (a), further providing binding agents that bind luteinizing 
10 hormone as negative templates; 

(j) prior to step (c), screening the chorionic gonadotropin hormone fi- 
subunit mutants from step (b) with the negative template binding agents from 
steps (i); and 

(k) in step (c), screening the chorionic gonadotropin hormone fi-subunit 
15 mutants that do not bind to the negative template binding agents from step (j) with 
the positive template binding agents from step (a). 

26. The method according to claim 25, wherein the negative templates 
are selected from the group consisting of polyclonal antisera to luteinizing hormone. 

20 

27. A method for designing a vaccine for inducing infertility in female 
mammals by reducing the activity of glycoprotein hormones having chorionic 
gonadotropin hormone activity in circulation which comprises the steps of: 

(a) providing binding agents that bind chorionic gonadotropin hormone as 
25 positive templates; 

(b) providing a library of chorionic gonadotropin hormone fi-subunit 
mutants obtained by random mutagenesis of the chorionic gonadotropin hormone fi- 
subunit; 

(c) screening the chorionic gonadotropin hormone fi-subunit mutants from 
30 step (b) with the positive template binding agents from step (a); 

(d) discarding the chorionic gonadotropin hormone 6-subunit mutants that 
do not bind to the positive template binding agents in step (c); 

(e) determining the DNA sequence encoding the chorionic gonadotropin 
hormone fi-subunit mutants in step (d); 

35 (f) selecting the DNA sequence encoding the chorionic gonadotropin fi- 

subunit mutant that differs from chorionic gonadotropin hormone but binds to 
chorionic gonadotropin hormone binding agents with high affinity in step (e); and 

(g) administering a therapeutically effective amount of the DNA sequence 
encoding the chorionic gonadotropin fi-subunit mutant protein from step (f) to the 
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mammal to elicit the expression of antigen and thereby illicit an immune response 
generating an antibody to chorionic gonadotropin hormone to reduce chorionic 
gonadotropin hormone activity to induce infertility in the female mammal. 

28. A method for designing a vaccine for suppressing fertility in male 
humans by reducing the activity of glycoprotein hormones having follicle 
stimulating hormone activity in circulation which comprises the steps of: 

(a) providing binding agents that bind follicle stimulating hormone as 
positive templates; 

(b) providing a library of follicle stimulating hormone fi-subunit mutants 
obtained by random mutagenesis of the follicle stimulating hormone fi-subunit; 

(c) screening the follicle stimulating hormone fi-subunit mutants from 
step (b) with the positive template binding agents from step (a); 

(d) discarding the follicle stimulating hormone fi-subunit mutants that do 
not bind to the positive template binding agents in step (d); 

(e) determining the DNA sequence encoding the follicle stimulating 
hormone fi-subunit mutants in step (d); 

(f) selecting the DNA sequence encoding the follicle stimulating fi- 
subunit mutant that differs from follicle stimulating hormone but binds to follicle 
stimulating hormone binding agents with high affinity in step (e); 

(g) expressing the protein of the selected follicle stimulating hormone fi- 
subunit mutant from the DNA sequence in step (f) in a prokaryotic or eukaryotic 
host; and 

(h) administering a therapeutically effective amount of the protein from 
step (h) to the male human as an antigen to illicit an immune response thereby 
generating an antibody to follicle stimulating hormone to reduce follicle stimulating 
hormone activity and suppress fertility in the male human. 

29. The method according to claim 28, wherein the activity of 
glycoprotein hormones having follicle stimulating activity in circulation is 
eliminated. 

30. The method according to claim 28, wherein the binding agent is a 
neutralizing antibody. 

3 1 The method according to claim 30, wherein the neutralizing antibody 
isFSG761. 



SUBSTITUTE SHEET (RULE 26) 



WO 95/22340 



-81 - 



PCIYUS95/02067 



32. The method according to claim 28, wherein the method further 
comprises the steps of: 

(i) in step (a), further providing binding agents that bind a-subunits as 
negative templates; 

5 (j) prior to step (c), screening the follicle stimulating hormone fi-subunit 

mutants from step (b) with the negative template binding agents from steps (i); and 

(k) in step (c), screening the follicle stimulating hormone B-subunit 
mutants that do not bind to the negative template binding agents from step (j) with 
the positive template binding agents from step (a). 

10 

33. A method for designing a vaccine for suppressing fertility in male 
humans by reducing the activity of glycoprotein hormones having follicle 
stimulating hormone activity in circulation which comprises the steps of: 

(a) providing binding agents that bind follicle stimulating hormone as 
1 5 positive templates; 

(b) providing a library of follicle stimulating hormone B-subunit mutants 
obtained by random mutagenesis of the follicle stimulating hormone B-subunit; 

(c) screening the follicle stimulating hormone fi-subunit mutants from 
step (b) with the positive template binding agents from step (a); 

20 (d) discarding the follicle stimulating hormone B-subunit mutants that do 

not bind to the positive template binding agents in step (c); 

(e) determining the DNA sequence encoding the follicle stimulating 
hormone B-subunit mutants in step (d); 

(f) selecting the DNA sequence encoding the follicle stimulating fi- 
25 subunit mutant that differs from follicle stimulating hormone but binds to follicle 

stimulating hormone binding agents with high affinity in step (e); and 

(g) administering a therapeutically effective amount of the DNA sequence 
encoding the follicle stimulating B-subunit mutant protein from step (f) to the 
mammal to elicit the expression of antigen and thereby illicit an immune response 

30 generating an antibody to follicle stimulating hormone to reduce follicle stimulating 
hormone activity and suppress fertility in the male human. 

34. A method for designing a vaccine for suprcssing fertility in 
nonhuman mammals by reducing the activity of glycoprotein hormones having 

3 5 luteinizing hormone activity in circulation which comprises the steps of: 

(a) providing binding agents that bind luteinizing hormone as positive 

templates; 

(b) providing a library of luteinizing hormone B-subunit mutants obtained 
by random mutagenesis of the luteinizing hormone B-subunit; 
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(c) screening the luteinizing hormone B-subunit mutants from step (b) 
with the positive template binding agents from step (a); 

(d) discarding the luteinizing hormone B-subunit mutants that do not bind 
to the positive template binding agents in step (c); 

(e) determining the DNA sequence encoding the luteinizing hormone B- 
subunit mutants in step (d); 

(f) selecting the DNA sequence encoding the luteinizing B-subunit mutant 
that differs from luteinizing hormone but binds to luteinizing hormone binding 
agents with high affinity in step (e); 

(g) expressing the protein of the selected luteinizing hormone B-subunit 
mutant from the DNA sequence in step (f) in a prokaryotic or eukaryotic host; and 

(h) administering a therapeutically effective amount of the protein from 
step (g) to the mammal as an antigen to illicit an immune response thereby 
generating an antibody to luteinizing hormone to reduce luteinizing hormone 
activity and supress fertility in the nonhuman mammal. 

35. The method according to claim 34, wherein the activity of 
glycoprotein hormones having luteinizing activity in circulation is eliminated. 

36. The method according to claim 34, wherein the binding agent is a 
neutralizing antibody. 

37. The method according to claim 34, wherein the method further 
comprises the steps of: 

(i) in step (a), further providing binding agents that bind a-subunits as 
negative templates; 

0) prior to step (c), screening the luteinizing hormone B-subunit mutants 
from step (b) with the negative template binding agents from steps (i); and 

(k) in step (c), screening the luteinizing hormone B-subunit mutants that 
do not bind to the negative template binding agents from step (j) with the positive 
template binding agents from step (a). 

38. A method for designing a vaccine for supressing fertility in 
nonhuman mammals by reducing the activity of glycoprotein hormones having 
luteinizing hormone activity in circulation which comprises the steps of: 

(a) providing binding agents that bind luteinizing hormone as positive 

templates; 

(b) providing a library of luteinizing hormone B-subunit mutants obtained 
by random mutagenesis of the luteinizing hormone B-subunit; 
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(c) screening the luteinizing hormone B-subunit mutants from step (b) 
with the positive template binding agents from step (a); 

(d) discarding the luteinizing hormone B-subunit mutants that do not bind 
to the positive template binding agents in step (c); 

(e) determining the DNA sequence encoding the luteinizing hormone B- 
subunit mutants in step (d); 

(f) selecting the DNA sequence encoding the luteinizing B-subunit mutant 
that differs from luteinizing hormone but binds to luteinizing hormone binding 
agents with high affinity in step (e); 

(g) administering a therapeutically effective amount of the DNA sequence 
encoding the luteinizing B-subunit mutant protein from step (f) to the mamm^ to 
elicit the expression of antigen and thereby illicit an immune response generating an 
antibody to luteinizing hormone to reduce luteinizing hormone activity and suppress 
fertility in the male human. 

39. A single chain gonadotropin comprising a chorionic gonadotropin B- 
subunit at the N-terminus, a vertebrate a-subunit at the C-terminus, and a linker 
having from 1 to 16 amino acid residues connecting the chorionic gonadotropin B- 
subunit to the vertebrate a-subunit. 

40. A single chain gonadotropin comprising a vertebrate a-subunit at the 
N-terminus, a chorionic gonadotropin B-subunit at the C-terminus, and a linker 
having from 1 to 16 amino acid residues connecting the chorionic gonadotropin B- 
subunit to the vertebrate a-subunit. 
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A: N- Beta-Subunlt or Analog (Heptad Repeat),-C l>2 



B; N- Beta-Subunlt or Analog (GXY Repeat);-C l>6 




Immunoglobulin Domain 
(Long line = Heavy Chain) 
(Short line = Light Chain) 




Immunoglobulin Heavy Chain 
(minus variable and first constant domains) 



E: 



N- 



Beta-Subunlt or Analog 



•(GS Repeat) (■ 



Alpha-Subunlt or Analog -C l>2 
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